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APPROACH- AVOIDANCE CONFLICT AND SPEED OF CONFLICT RESOLUTION 
CHAPTER I. GENERAL INTRODUCTION 
I 
CHAPTER INTRODUCTION 
Conflict resolution is the subject of this thesis; writing this thesis involves the resolution of 
many conflicts. Continuously decisions have to be made about what information will be 
presented to the reader. In many instances these decisions are easy to make, but sometimes they 
are not, e.g. if the path of reasoning is essentially determined by two conflicting theories about 
the same phenomenon, both with their own virtues and drawbacks, or if the writing is blocked 
by fear of writing. In that case decision-making is a much more exciting job, and is called here 
conflict resolution. The reader will not know exactly how this thesis is achieved, but he will see 
what the outcome is and how fast it is done. Thus, the relevant information for the outside world 
is the outcome per unit time. This point of view is based on a biological orientation with respect 
to conflict resolution. Different processes of problem solving may in the end lead to the same 
outcome. Thus, the emphasis is laid on the speed and the outcome of a conflict and not on the 
way in which a conflict is resolved. More specifically, the main interest concerns the speed in 
which an approach-avoidance conflict with respect to a feared goal is resolved by an individual 
and which variables determine individual differences in the speed of conflict resolution. 
Furthermore, possible associations between the speed of conflict resolution and other individual 
characteristics will be explored, perhaps ending up in criteria for predicting whether an animal is 
a slow or a fast conflict resolver, i.e. the speed of conflict resolution itself being a characteristic 
of an individual. Simulating a conflict situation in the laboratory can give information about the 
motivational and learning mechanisms involved in animal decision making and the speed with 
which such a decision is made. 
This thesis describes a simple conflict situation in which seeking for food, for maintaining 
bodyweight, on the one hand and avoiding a stimulus that warns for an aversive event on the 
other hand are two conflicting inputs for the animal. Conflict behavior in this context is defined 
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as the behavioral response in a situation, where two incompatible - and therefore conflicting -
tendencies, e.g. an approach and an avoidance tendency with respect to one goal, are induced. 
Furthermore, it is emphasized that by conflicts only intra-individual conflicts and not inter-
individual conflicts are meant. In this introduction some topics concerning recent motivation and 
conflict research will briefly be presented in order to give a more general framework for 
understanding the research outcomes presented in the chapters that follow. Because of the 
complexity of topics covered by this thesis, each chapter has an introduction of its own. In 
conclusion of this general introduction an overview of the experimental chapters is presented. 
HISTORICAL BACKGROUND OF CONFLICT R E S E A R C H 
The study of conflict is conducted along several lines in two disciplines in particular. On the 
one hand the psychological interest stems from the early work of Freud (1894) and got an 
experimental character beginning with the work of Pavlov (1928) and Masserman (1943). Both 
studied animals in situations of experimental neurosis. On the other hand conflict is extensively 
studied from an ethological point of view, specifically beginning with the displacement 
hypothesis of Kortlandt (1940) and Tinbergen (1940). Both approaches to conflict will be 
presented briefly, emphasizing the different interests in conflict and the conflict between the 
psychological and ethological approach. 
PSYCHOLOGICAL APPROACH TO C O N F L I C T 
Starting with Freud (1894) the psychologists' interest in conflict is essentially a clinical one. 
Behavioral disturbances as an effect of an underlying conflict presented the need for unravelling 
the underlying causal factors. The psychoanalytic approach suffered from not having a firm 
empirical background (Dollard and Miller, 1950) and most attention was given at finding, by trial 
and error, treatments for people suffering from intense conflict. Lewin (1935) as a field theorist 
and especially Miller (1944) with his learning theoretical approach constructed a theoretical 
framework for conflict research resulting in the postulation of four basic conflict types with well-
defined tendencies and goals for these tendencies. These four basic conflict types were: 
1) approach-approach conflict: a choice between two attractive goals (A and B) exists. If 
the approach tendency towards goal A is larger than towards goal B, goal A will be 
approached and the subject will stay at goal A, otherwise the subject will stay at the 
conflict point where both the tendencies towards A and В are equally strong, (originally 
by Lewin, 1935). 
2) avoidance-avoidance conflict: a choice between two repelling goals (A and B) exists. 
The subject will try to leave the field, thus avoiding a choice, but if this is not possible 
both goals will be avoided and the subject will stay at the conflict point where the 
avoidance tendency with respect to A is equal to that of goal B. (originally by Lewin, 
1935). 
3) approach-avoidance conflict: a choice between approaching and avoiding a goal A 
exists. If the approach tendency is larger than the avoidance tendency, the subject will 
approach the goal A. When both tendencies are equal the subject will stay at this point -
the conflict point - and remains in conflict (originally by Lewin, 1935). 
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4) double approach-avoidance conflict: a choice between two goals A and B, both 
attractive and repelling, exists. If the approach tendency towards one of the goals A or В 
is larger than the avoidance tendency that goal will be approached. When both 
tendencies towards one goal (A) are equal and larger than the tendencies towards the 
other (B) the subject will stay at the conflict point of A (originally by Hovland and 
Sears, 1938). 
The approach of Miller towards conflict consisted of response-competition models, that 
initiated much research. In particular concerning the approach-avoidance conflict response 
competition model - the only 'one-goal' conflict - much research is done. This research can be 
divided in three areas: the assumptions (postulates) of the model, the predictions of the model 
and the therapeutic applications of the model. The extensive reviews of Heilizer (1977a, 1977b 
and 1978) reveal, however, that some essential features of the model are equivocal (see chapter 
3). One of the main virtues of the model was that it bridged a gap between animal and human 
experimental research concerning conflict. The interest in conflict research in animals has 
declined in recent years, especially concerning the approach-avoidance conflict model and its 
postulates. On the other hand many conflict paradigms are used in pharmacological research, like 
for instance the Geller-Seifter conflict procedure (Geller and Seiner, 1960). 
ETHOLOGICAL APPROACH TO C O N F L I C T 
The displacement - Sparking over or Surplus - hypothesis of Kortlandt (1940) and Tinbergen 
(1940) illustrates the interest of early ethologists in behavior of an animal in conflict. In contexts, 
in which two or more competing response tendencies (for example attack and flight) could be 
inferred, certain so called irrelevant behaviors (displacement activities) were observed. The most 
common activities were 'displacement' preening (research in terns: Van lersel and Bol, 1958) 
and 'displacement' pecking (research in jungle fowl: Kruijt, 1964, Feekes, 1972). The study of 
approach-avoidance conflict of Rowell (1961) is an example in which the two competing 
response tendencies and the goal are controlled and this study can be explicitly related to the 
approach-avoidance conflict model of Miller (see chapter 3). For explanation of the occurrence of 
displacement activities and the revelation of the causal factors underlying these activities several 
models have been presented, all based on the assumption that underlying tendencies for different 
behaviors are present in the animal and determine its overt behavior. These disinhibition- models 
(Van lersel and Bol, 1958, McFarland, 1969, Pring-Mill, 1979) have been criticized (see for 
example McCleery, 1983), because they do not take in account the often found high intensity of 
the -disinhibited- behavior. The high or low intensity of the behavior makes it often 
distinguishable from normal behavior. Recently, however, explanations of the high intensity 
disinhibition phenomenon are presented (post-inhibitory rebound: Roper, 1984, Kennedy, 1985, 
Roper, 1985). In the discussion concerning displacement activities most attention is given to the 
energizing concepts (drive), the specificity versus non-specificity of causal factors (Fentress, 
1973, 1983) and the presumed irrelevance of the displacement behavior (Feekes, 1972, Wilz, 
1970). The evolutionary interest in conflict behavior is concentrated around threatening and 
appeasement behaviors and postures in agonistic contexts and courtship behavior in sexual 
contexts. These behaviors are presumed to be the results of conflicting tendencies in the animal 
which have been ritualized in the course of the phylogeny and - as a consequence - present a new 
category of behavior within the organization of behavior (conflict hypothesis, Tinbergen, 1952, 
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Baerends, 1975). This discussion will, however, be skipped, because the emphasis of this thesis 
is not concentrated around displacement activities during conflict, but on the outcome of the 
conflict in short term. 
MOTIVATION RESEARCH 
When the question is asked what causes an animal to behave in a particular way or what 
decisions are involved in the behavior, the question can be posed at different levels (Tinbergen, 
1963). The question of the immediate causation of an animal's actions in short term and what 
external stimuli, internal states and mechanisms lead to the behavior the animal performs. The 
developmental question of what influences during the lifetime of the individual have led the 
animal to behave in a particular manner. The functional question of why a behavior pattern is 
included in the animal's repertoire and what survival value it has. The evolutionary question of 
how the behavior pattern evolved during lifetime of the species. In answering such questions two 
different approaches are possible, the pure behaviorally and the more physiologically oriented 
approach. In this thesis only the behavioral level is considered in answering only questions 
concerning immediate causation and developmental questions (software approach, Huntingford, 
1984). The impact of past experience, external stimuli and internal states is studied without 
unravelling the exact nature of intervening mechanisms. Manipulating the input to the animal can 
be of help in predicting behavior and can change behavior without knowledge of the internal 
physiological translations of the input into the observable behavioral output. In many lower 
animals behavior can be predicted rather accurately on basis of the input; the animal acts 
mechanically (Ewert, 1974, Kovac and Davis, 1980). But in most animals studied the relation 
between input and output is also dependent on the actual internal state of the animal, i.e. 
dependent on the motivational state of the animal. 
Purely on the behavioral level the motivational state is hard to measure direcdy. Therefore also 
manipulation of the internal state is necessary for understanding the relation between input and 
output in more complex organisms. Manipulation of the internal state - for example by food 
deprivation - does not give information about the exact nature of the internal operations of 
combining input and motivational state which result in behavioral output. However, models of 
motivation and models of competition between motivations can produce hypotheses, which can 
be tested, and ways of thinking about interactions between input, motivational state and 
behavioral output. Therefore, the software approach requires a framework, a working hypothesis 
to accompany the experimental work (Huntingford, 1984). A number of motivational theories 
have arisen, mostly designed for specific situations and in most cases not incompatible with one 
another; the homeostatic (Cannon, 1932), incentive (Bindra, 1978), intrinsic (Lorenz, 1981), 
hedonic (Cabanac, 1979), system theoretic (Toates, 1981), opponent process (Solomon and 
Corbitt, 1974), 'state-space' (McFarland and Houston, 1981) theories of motivation are in 
general not conflicting theories. These motivational theories refer sometimes to different contexts 
and have their different limitations (see for a recent review Toates, 1986). The approach-
avoidance conflict model of Miller is a more specific model related to the study presented here. 
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LEARNING AND MOTIVATION 
Learning is a part of ontogeny that is contingent upon environmental events (McFarland and 
Houston, 1981). Some events can act as a reinforcer of behavior and may give information about 
the motivational state of an animal. So learning and motivation are tied together in determining 
actual behavior (Toates, 1986). Learning has been the subject of research and theory, mainly in 
psychology. In the beginning this study was divided in two camps: the arbitrary general-process 
approach - learning is best studied through the use of artificial problems (Thomdike, 1911) - and 
the ecological approach - learning studied in natural contexts with natural problems (Small, 
1901). Soon the arbitrary approach became dominant over the ecological approach. In recent 
years, however, the ecological approach has gained more attention, mainly stimulated by results 
of research that could hardly be interpreted in terms of a general-process theory. Constraints on 
the learning ability of animals (Bolles (1970), Garcia and Koelling (1966) and Shettleworth 
(1972), Lolordo and Jacobs (1983), Lolordo (1979)) are nowadays emphasized. The result is a 
great number of reviews of the ecological approach and the emphasis on the functional context in 
which learning is evolved (Domjan and Galef (1983), Timberlake (1984), Collier (1983), Collier 
and Rovée-Collier (1983), Johnston (1982), Roper (1983), Shettleworth (1984)). An integrative 
approach (combining both the general-process and the ecological approaches) is in many cases 
possible: e.g. laboratory studies of the feeding and avoidance systems of some laboratory 
animals can be interpreted in this way. So there is no necessary conflict between laboratory and 
field research or between the study of mechanism and function (Shettleworth, 1983), as long as 
the paradigm used in the laboratory is functionally interpretable. 
DECISION M A K I N G 
McFarland (1977) presents the example of a herring gull that is sitting on its nest and 
incubating eggs. Whilst doing this it is unable to feed but when its mate returns and takes over it 
can leave and find its food. If it leaves before the mate returns the eggs are vulnerable to 
prédation. If it waits and the mate's return is delayed (for example by death of the mate) the 
incubating bird becomes more and more food deprived. At what point should it desert the nest? It 
must have motivational mechanisms which control such behavioral switches. The observer must 
take into account the biological function of such decisions. When an animal has to choose 
between a small amount of food in a safe place and a larger amount with more risk of prédation, 
the making of an important decision is involved too. Logan (1965) has demonstrated that rats 
take higher risks with higher food quantities. He was able to plot his data according to a so-called 
indifference function, a plot of cost and benefit with food quantity and prédation risk as the 
variables that determine the behavioral decisions of the animal. Rational decision making seems 
to be involved in animal behavior. Another example of decision-making concerns the foraging 
decisions made by starlings (Tinbergen, 1981). Starlings decide to search for high quality food 
when their young are satiated. They choose for the quantity instead of quality when the young 
are very hungry. Ljungberg and Enquist (1986) investigated decision-making in an unpredictable 
environment in rats. Although the average behavior of the animals was in concordance with the 
optimal (calculated) model, the variation in responses was not. It appeared that the animals kept a 
certain decision-rule throughout a session as a predetermined strategy. This result is in agreement 
with the economic learning theory of Collier and Rovée-Collier (1983). The emphasis of their 
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approach lies on the non-homeostatic and anticipatory factors in behavior. Their hypothesis is 
that 'initiation and termination of a given activity reflects a strategy, evolved by each species in a 
given ecological niche, for optimally allocating time and energy among various survival related 
activities that insure fitness'. Their main statements are mentioned here: 
1) Response rate is a strategy, not a measure of response strength. 
2) Body weight is a strategy and not a measure of motivation. 
3) The consequences of behavior act upon units of behavior that are larger than a response. 
4) Whether the animal is free to initiate and terminate bouts of behavior is a critical determinant 
of the nature of the relations that will be obtained. 
These points are important to keep in mind because they have a substantial impact on the 
approach developed in this thesis concerning the amount of food deprivation as a measure of 
motivation, and the differences in behavior when an animal has control or no control over its 
environment and its own behavior. 
Decision making is the cost-benefit analyzing process, in which a choice is made between 
several candidate activities resulting in one activity to be performed. However, when the 
motivational state predicts that behavior on the boundary of two activities is selected there has to 
be some mechanism that prevents the animal from vacillation between the two behaviors. 
Several antì-dithering mechanisms could be involved: 
1) Decisions to switch from one behavior to another have to be delayed. Hysteresis is the 
phenomenon that describes the situation in which the transition from the first state 
(activity) in the second state (activity) takes place with other parameter values than the 
transition from the second in the first state. Hysteresis can be accomplished by: 
a) Different thresholds for initiation and termination of the behavior (Ludlow, 1982, 
Daan, 1985). 
b) Positive feedback. At the initiation of an activity the tendency to perform that 
activity first increases and decreases thereafter (Lock-on mechanism, 
Wiepkema, 1971; Houston and Sumida, 1985). 
c) Delay convention: To switch to an other activity is only possible when the 
tendency for the new activity is a certain amount larger than the tendency for 
the ongoing activity (in mathematical terms, see Thorn, 1972). 
d) Persistence in the execution of a certain behavior. Persistence is the delay-
convention in biological terms (McFarland, 1971, Toates, 1979: behavioral 
hysteresis). 
2) Instantaneous inhibition of all other activities at the onset of an activity (Ludlow, 1976). 
3) Displacement.. When the tendencies for two activities are equal in strength they inhibit one 
another and a third activity (sometimes seen as 'irrelevant') appears in the behavior 
sequence. In case of displacement, switching between two activities is delayed or even 
cancelled. 
4) Simple hierarchical rules as in Pleurobranchaea (Kovac and Davis, 1980). 
In general, decisions are made relatively fast (Hinde, 1970). The majority of the experimental 
work is, however, given to the long ones, i.e. to cases of strong motivational conflict, when 
decisions are hard to make. Animals need to have information about the costs and benefits of all 
activities to make an optimal decision to engage in another behavior. Decision presupposes 
consideration and implies a cutting off of doubt or wavering. Conflict is the situation were the 
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animal is unable to make such optimal decisions due to inadequate, lacking, incompatible or too 
much information (Delius, 1970). The speed of intra-individual conflict resolution is determined 
by the total time spent in conflict until a decision is made. 
CONFLICT RESOLUTION 
Dawkins and Dawkins (1972) operationally define a decision as an event that leads to a 
sudden decrease in the uncertainty of future behavior. They describe the 'decisive' person as a 
person whose behavior is predictable: 'he does not vacillate, starting to do one thing then 
breaking off and doing something else. Once he has 'decided' what to do, he does it'. Between 
these predictable sequences there are short periods of uncertainty, times of decision-making. An 
'indecisive' man spends all his time in an intermediate state of predictability, no clear-cut periods 
of high predictability interspersed with low predictability, the decisions. In this thesis conflict 
resolution is the making of a decision in an approach-avoidance conflict, as the end point of a 
period of uncertainty and low predictability in the 'indecisive' person. 
Conflict resolution has acquired more attention in psychological research compared with 
ethological research, especially in the human range (for example Festinger, 1964, Worell, 1967, 
Murray, 1975, Yelen, 1979) but also in research with animals (Renner, 1964, 1967, Yelen, 
1976). Renner was more outcome oriented than Miller (1944, 1959) in his research, Miller was 
more response oriented. However, Renner did not work with an explicit conflict model as Miller 
did. Therefore, the approach-avoidance model of Miller will be presented in detail in chapter III. 
The most important variables in conflict resolution are: 
1) What behavioral choice is made? 
2) How fast is the choice made? 
The speed and the kind of conflict resolution are in this context important, biologically 
relevant variables because they are related to fitness. Making the right decision in the right time 
could mean survival or not. The speed of conflict resolution is coupled with the type of conflict 
and the type of decision that has to be made (in decision theoretical terms the utility of activities 
or goals). For the four types of conflict some research has been done to estimate speed 
differences in resolution. As pointed out by Lewin (1935) avoidance-avoidance and double 
approach-avoidance conflicts are harder to cope with than approach-approach and approach-
avoidance conflicts. Smith and Principato (1982) found essentially the same result, i.e. increased 
conflict difficulty produced lower speeds of conflict resolution. Furthermore, they found that 
increased stress increased the number of errors. In the avoidance-avoidance conflicts no 
behavioral resolution is possible when animals are restricted in their movements and are not 
allowed to leave the field. 
In the study of Fracher and Blick (1973) the double approach-avoidance conflict and 
avoidance-avoidance conflict were resolved more slowly than the approach-approach conflict. 
Contrary to the findings of Hovland and Sears (1938) the resolution of the double approach-
avoidance conflict was not significantly slower than the avoidance-avoidance conflict. 
Interestingly they found that subjects with a high drive resolved the conflict more slowly than 
subjects with a low drive (less emotional according to scores on the Taylor Manifest Anxiety 
Scale). This is maybe related to the finding of Smith and Principato (1980) that increased stress 
increased the number of errors and hence the time involved in the resolution of the conflict. 
Neurotic behavior and stereotypic behavior are often a consequence of the 'high stress' conflicts, 
7 
APPROACH-AVOIDANCE CONFLICT AND SPEED OF CONFLICT RESOLUTION 
especially when the subjects remain long in the conflict situation (e.g. experimental neurosis). In 
what way these stereotypic behaviors are a resolution of the underlying conflict (maybe in terms 
of selfadministration of endorphins) for the animal remains to be seen (Cronin, 1985). 
Apparently the approach-approach conflicts are the easiest to solve. However, comparison 
between all four basic conflict types is hampered by the fact that in the approach-avoidance model 
only one goal is postulated, contrary to the other conflict models. Murray (1975) tried to 
overcome this problem by using the interpretation of Worell (1967) of the double approach-
avoidance model of conflict. This model involved two goals each with two features that may be 
either positive or negative. In the interpretation of Worell all conflicts may be viewed as 
variations within the double approach-avoidance model. His finding was that the difficulty of 
conflict resolution increased with the degree of avoidance involved, because the speed of conflict 
resolution for double approach-avoidance conflicts was more alike double avoidance-avoidance 
conflicts than double approach-approach conflicts. 
Animal research is mostly concentrated on the approach-avoidance conflict in which one goal 
is postulated, although the double or multiple approach-avoidance conflict model perhaps is more 
realistic in natural situations. This can be illustrated by the example of the gull of McFarland: at 
first sight it seems to be a simple two-goal approach-approach conflict between the tendency to 
incubate and the tendency to feed; triggered by the presence of the mate for changing of the watch 
and e.g. satiation after feeding. However, the death of the mate turns the conflict in a double 
approach-avoidance conflict. Approaching one of both goals will result in retreating from the 
alternative goal and will therefore raise the approach gradient towards the other goal (Miller, 
1971, ρ 20). Vacillation between both goals is the result. The same reasoning applies to the 
approach-avoidance conflict. In almost every case in literature the 'one goal' of the animal is 
defined, but the subject is of course operating from a starting place. If no costs are linked to 
leaving the starting position it is a single approach-avoidance conflict, but in most cases leaving 
home increases the risks of being caught, and turns the situation in a double approach-avoidance 
conflict between starting point and goal. 
BIOLOGICAL APPROACH TO LABORATORY ANIMAL BEHAVIOR 
In the laboratory, questions concerning the immediate causation and development of behavior 
can be asked and solved. However, the functional and evolutionary questions can only be 
speculated about when the subject is bom and raised in a 'laboratory' and not in its 'natural' 
environment. It can be assumed that mechanisms controlling sequences of behavior are efficient. 
When there are several gene-complexes affecting a behavior sequence, then the more optimal 
sequence (with the higher fitness) will survive the alternatives. Of course the environment will 
cause a considerable amount of variation between individuals in the population. If bimodal 
distributions are found, suggesting different behavioral strategies, different acting gene-
complexes could be inferred. The theory of natural selection must be taken into account in 
explaining decision making on a functional base (see chapter V). 
Before presenting results it is important to know whether the chosen experimental animal is 
suitable for the kind of research that will be performed. Is it possible to interpret data obtained in 
the laboratory with domesticated animals meaningfully? The behavior of laboratory animals is 
shaped by laboratory selection. This selection is aimed at increasing their suitability for human 
purposes, which could be morphological, physiological or behavioral. For behavioral research in 
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laboratory animals this is a considerable drawback in the interpretation of the observed behavior. 
The evolutionary and functional question considered above can hardly be answered, and because 
of interrelation between causation and function of behavior also results considering the 
underlying mechanisms of behavior must be interpreted with care. However, the knowledge of 
the behavior of ancestors of the animal under focus - the white rat (Rattus norvegicus albinus) -
is a tool for handling the interpretation problem. 
Lockard (1968) heavily criticized the use of Rattus norvegicus 'albinus' as study object for 
learning and other behavior. He stated that 'What learning problem shall I study with albinus' 
has to change into 'What problem is the most interesting and potentially significant, and which 
animal is best suited for study'. However, several authors claim that the behavior of our white 
laboratory rat is not that much different from its wild ancestors. Ratner and Boice (1975) argue 
that both the contributions of genetic change and behavioral development in the captive 
environment shaped the domestic phenomenon. Price (1984) states that domestication influences 
the quantitative rather than the qualitative nature of responses and that the domestic phenotype of 
the rat behaves the way it does by environmentally induced events recurring each generation. 
This is illustrated by Boice's (1981) experiments, in which he found that domestics, set free, 
assume a feral existence and are in that situation behaviorally indistinguishable from wild rats. 
Resocializing offspring of these rats in laboratory conditions took several generations. Only in 
laboratory learning paradigms domestics are 'superior' to wild Norway rats. With this in mind it 
will still be tried to interpret results of following experiments in psychological as well biological 
terms, comparing the results of experiments with our sparse knowledge of the wild rat. 
THIS THESIS 
In this thesis the main concern will be the 'one-goal' approach-avoidance conflict. Special 
emphasis lies on the effects of differences in experience and variations in causal factors on the 
outcome and the speed of conflict resolution. Prediction of the outcome of a conflict and of the 
speed of conflict resolution will also be the subject of research. The outcome of an approach-
avoidance conflict is difficult to predict (Gray, 1987). Halliday (1966), for example, showed that 
rats would explore the striped arm of a Y-maze more if they had previously been shocked in a 
striped box. Electric shocks increase, instead of decrease, sexual performance in male rats 
(Barfield and Sachs, 1968, Barfield and Krieger, 1977). The results of those experiments run 
counter to what would be expected on a common-sense basis. 
The differences in speed of conflict resolution between low and high drive human subjects 
(Fracher and Blick, 1973) signifies the existence of important individual differences in a standard 
conflict test. In human beings the performance of subjects in an experiment can sometimes be 
predicted on basis of a pretest, for instance the Taylor Manifest Anxiety scale (Taylor, 1953): 
'A series of recent studies has shown that performance in a number of experimental situations, 
ranging from simple conditioning and reaction time to a 'therapy' situation involving 
experimentally induced stress, is related to the level of anxiety as revealed on a test of manifest 
anxiety. Most of these investigations were concerned with the role of drive or motivation in 
performance, drive level being varied by means of selection of subjects on the basis of extreme 
scores made on an anxiety scale rather than by experimental manipulation.' 
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Because the Taylor Manifest Anxiety test can not be done by rats other ways were chosen to 
estimate individual differences that may concern conflict behavior and the speed of conflict 
resolution. In most experiments of which results are presented in this thesis a short 'open-field'-
test preceded the actual conflict research. Furthermore, ultrasonic vocalizations of the rats are 
recorded as a possible tool for the prediction and/or interpretation of behavior in an approach-
avoidance conflict 
Chapter II deals with apparatus and procedures necessary for understanding subsequent 
chapters. In a number of pilot experiments the experimental paradigm and its parameters 
of the causal factors for further experimentation are examined. The optimal UCS (shock 
strength) for pairing with the stimulus and thus inducing an avoidance gradient towards 
the goal is determined. The trial in which the conflict is presented to the animal in the 
runway is determined. Furthermore, the equipment for recording ultrasound is 
described. The chapter ends with the presentation of the methods for statistical analysis. 
Chapter ΠΙ concerns Miller's conflict model. In three experiments the following properties 
of the model are examined. 
In experiment 1 the additivity of both the approach and avoidance gradient 
(heterogeneous summation of strength of causal factors) is examined along 
with the effect on the speed of conflict resolution. 
In experiment 2 the effect of varying the steepness of the avoidance gradient and the 
presence or absence of goal cues on the speed of conflict resolution is under 
investigation, which is another approach to the same additivity problem. 
In experiment 3 the unipolarity of Miller's approach-avoidance conflict model is 
investigated by manipulating the availability of a homebase in the first phase of 
the conflict. 
Chapter IV examines the impact of oscillatory behavior on the speed of conflict resolution 
by manipulating the rearing conditions of the animals. Social isolation results in a 
considerable increase of approach-avoidance oscillations in a social conflict (Peys, 
1977). In a social (sexual behavior) and non-social context (feeding behavior) 
predictions about the speed of conflict resolution are verified. 
Experiment 4 describes the influence of social isolation in a feeding context on the 
speed of conflict resolution. 
Experiment 5 describes the influence of social isolation in a socio-sexual context on 
the speed of conflict resolution. The findings of this experiment led to a change 
in procedure for experiment 6. 
Experiment 6 gives a better description of the effect of isolation on oscillations in 
sexual behavior and sexual conflict. Especially the behavioral consequences 
during sexual behavior are emphasized. 
Chapter V deals with the question whether results concerning the speed of conflict 
resolution are general and could be applied to other rat strains than the Wistars. Strain 
differences are examined and interpreted. 
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Experiment 7 and 8 show the differences in speed of conflict resolution in the 
runway between the Wistar strain and the Brown Norway (BN) inbred strain 
and the Wistar/Kyoto (WKY) inbred strain respectively. The results eventually 
led to test genetically selected strains for the speed of conflict resolution. 
In experiment 9 the speed of conflict resolution in measured in the Wistar/Kyoto 
(WKY) and the Spontaneously Hypertensive (SHR) strain in the Skinnerbox. 
In experiment 10 the influence of the open-field test on the subsequent conflict test is 
estimated in the the Tryon Maze Bright (TMB) and Tryon Maze Dull (TMD) 
strains. 
In experiment 11 differences in two-way active avoidance behavior between the 
Tryon Maze Bright (TMB) and Tryon Maze Dull (TMD) strains are measured 
in the shuttlebox. Also the influence of the open-field test on the subsequent 
shuttlebox test is measured in these strains. 
In experiment 12 the results of the preceding experiments concerning the relation 
shuttlebox behavior and Skinnerbox behavior are investigated in two strains 
that are genetically selected for different shuttlebox behavior: the Romans 
strains. The Roman High Avoidance strain is a good performer in the 
shuttlebox and the Roman Low Avoidance is a bad performer. The speed of 
conflict resolution, shock sensitivity and shuttlebox behavior are investigated 
in both strains. 
Chapter VI gives a full description of a new way of handling and interpreting open-field 
data. The open-field is presented as an approach-avoidance conflict test rather than an 
'emotionality' test. 
Experiment 13 shows that three factors determine the locomotor activity of the rat 
during repeated exposure in the open-field. 
Data gathered in the open-field test are related to the speed of conflict resolution of 
foregoing experiments (experiments 4, 6,7, 8, 10 and 12). 
Chapter VII relates the conflict parameter found in the open-field (AOF) to an ethological 
interpretation of open-field behavior (1), to ultrasound (2) and to the efficacy of anti-
anxiety agents (3). 
Experiment 14 with two inbred strains is designed to investigate the relationship 
between the approach towards open-field behavior developed in chapter VI 
(with emphasis on the conflict parameter AOF) and the ethological approach 
towards open-field behavior. 
Experiments 15 and 16 are designed to verify the hypothesis developed in the 
preceding part of this chapter with respea to existing ethological theories about 
parameters that determine open-field activity. 
Experiment 17 produces evidence about the predicting properties for the speed of 
conflict resolution for ultrasonic vocalizing and non-vocalizing rats and the 
relation with the conflict parameter measured in the open-field (AOF). 
Experiment 18 investigates the influence of an anti-anxiety agent (diazepam) on AOF 
in the RLA and RHA strains. 
11 
APPROACH-AVOIDANCE CONFLICT AND SPEED OF CONFLICT RESOLUTION 
In Chapter ПІ a general summary and discussion are presented. In the general discussion 
the data presented in this thesis are discussed in relation to a number of subjects, such as 
Miller's conflict model, oscillations, experience, sex differences, and ecology. 
Furthermore, a conclusion is presented that generalizes the findings of this study. 
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In this chapter paradigm, apparatus, procedures and analysis of a controlled approach-
avoidance conflict are described. In psychological research the procedure used for this purpose 
has been mainly primary punishment, in accordance with the basic experiments with rats by 
Miller (1944,1959). In these experiments running for food - presented at the end of a runway -
is punished by an electric shock contingent upon eating the food. After being shocked rats run on 
subsequent trials only part way in the runway and show oscillatory behavior at a particular place, 
defined as the point of conflict. Based on Miller's conflict model this point of conflict is the 
intersection of an approach and an avoidance gradient towards the goal: both gradients are equal 
in strength at that point. 
Mowrer (1960) has drawn a distinction between passive and active forms of avoidance 
learning. In the passive form a subject learns to avoid a noxious event by not doing something. 
In the active form an animal leams to do something as a method of avoiding a noxious event. 
Miller's conflict model describes an approach-active avoidance situation, in which approach and 
avoidance are independent of each other. However, Miller's research paradigm was a typical 
passive avoidance one in which approach behavior was punished at the goal, resulting in 
incomplete approaches of the goal on subsequent trials. So Miller's research was mainly done 
with passive methods, but the approach-avoidance model describes an approach-active avoidance 
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situation. Yelen (1976) noticed this discrepancy and investigated approach-active avoidance 
conflict in rats. Yelen characterized both types of approach-avoidance conflicts as follows: 
1) Approach-pass/ve avoidance (Miller): avoidance tendencies are dependent on the 
punishment of approach responses. In this paradigm avoidance is associated with 
stimuli of approach and is thus independent of situational cues. This paradigm is in 
Yelen's view based on only one gradient. 
2) Approach-acft've avoidance (Yelen): avoidance tendencies are based on situational cues and 
- although simultaneously aroused - independent of and competing with approach 
tendencies. This paradigm is based on two gradients. 
Yelen found that by increased avoidance training in the approach-active avoidance conflict 
procedure animals stop closer to the goal every time, contrary to Miller's procedure in which 
animals stop farther from the goal with increased number of training trials (Kaufman and Miller, 
1949). This finding is of importance for our interest in conflict resolution. If the strength of 
conflict is repeatedly tested the outcome, in the approach-passive avoidance conflict, is complete 
avoidance of the goal, whereas in the approach-active avoidance conflict the outcome is that the 
goal is reached eventually. 
An important question is now whether the above described techniques or maybe other 
techniques known from literature are appropriate to measure the speed of conflict resolution in 
relation to experimentally induced differences in behavior. 
Three characteristics of the experimental setup are essential: 
1) Is it possible to interpret the setup and the outcomes in terms of existing conflict models 
and in particular the approach-avoidance model of Miller? It is clear that the conflict 
paradigm of Miller cannot be used, because the approach response is primarily punished 
at the goal and as a consequence the avoidance component is dependent on the approach 
component, so there are not two separately established gradients. For the above 
described purposes an approach-active avoidance paradigm is needed. 
2) Is the setup functionally and ecologically interpretable? As Bolles (1970) pointed out, most 
animals will not survive a direct confrontation with the UCS (danger, predator). As a 
consequence species-specific defense mechanisms have evolved in the course of 
evolution. Animals are learning or are preprogrammed to learn the warning signals (CS) 
that are contingent with immediate danger (UCS). So for an ecologically interpretable 
experimental setup a warning signal that predicts a noxious event is needed. 
3) Is it possible to estimate the underlying motivational states involved? It would be 
convenient if the paradigm allows to estimate approach and avoidance gradients in the 
test situation (approach and avoidance tendencies of the animal) and thus causal factors 
determining the behavior during conflict resolution. The behavioral output gives only 
information about the causal factor that is predominantly present in the behavioral final 
common path. The levels of causal factors for other activities will be obscured, because 
usually just one behavior at a time is performed. Interruption of ongoing behavior 
could provide in some cases information about the level of other causal factors 
(Fentress, 1968). 
There are a number of methods to measure the strength of motivation of behavior of an animal 
towards a goal by way of interruption. 
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1) Interruption of behavior by shock. The Columbia obstruction box (Jenkins, Warner, and 
Warden, 1926) was used in the past to measure the underlying causal factors of several 
kinds of behavior (see for the example of sexual behavior: Warner, 1927). With this 
method the strength of an animal's tendency to approach a certain object is measured by 
introducing a barrier between the animal and the object (the goal of the animal). The 
barrier is in most cases an electrified grid. The obstruction method is a well suited 
method for interruption of ongoing behavior. The primary punishment involved in this 
method is, however, less suitable, because it implies a passive avoidance situation only. 
2) Interruption of behavior by extinction. During extinction of a Y-maze response there is a 
strong increase in the number of jerky and convulsive behaviors (Mandler and Watson, 
1966). The technique of interruption of a behavior sequence by extinction is inspired by 
the interruption theory (Mandler, 1964) in which a behavior sequence is viewed as an 
entity or plan. Interruption of a sequence of behavior results in three important 
responses: 
a) Persistent effort to complete the sequence. 
b) Increased vigor. 
c) Response substitution, when a sequence could not be completed 
3) Interruption of behavior by a warning stimulus (CS). Fentress (1968) used the technique of 
the interruption of ongoing behavior for estimating underlying causal factors in another 
way. He recorded the behavior of voles, when an object was moved overhead. If a vole 
had been walking at the time of interruption its response was to flee, but if it had been 
grooming, it stayed put and froze. The effect of the interruption was dependent on the 
kind of ongoing behavior. Forrester and Broom (1980) interrupted ten different ongoing 
behaviors of 6-day old chicks and recorded essentially the same results as Fentress, i.e. 
some activities persisted shortly after interruption and the chicks showed less immobility 
when they were interrupted while being active. The examples of Fentress, and Forrester 
and Broom show that the levels of some causal factors must differ along with different 
behaviors. Culshaw and Broom (1980) showed that also during one behavioral act 
differences in causal factor levels could be supposed. They startled (interrupted) bouts 
of feeding and preening at the beginning and near the end of the behavioral act. The 
general result of these experiments was that chicks startled at the end of a bout of 
feeding or preening show a greater startle response and are less likely to continue 
undisturbed behavior than chicks that are startled at the beginning of a bout. This result 
provided evidence that the motivational state changes during an activity and that an 
attentional change may be the result of a change in the underlying causal factors. A 
'locking on' mechanism - i.e. an initial increase of the causal factor for the activity 
(positive feedback) is hypothesized which minimizes inefficient vacillation during 
switches between behavior (see also Wiepkema, 1971 and Houston and Sumida, 1985). 
In summary: the interruption of behavior by confronting a subject with a barrier that prevents 
it from reaching its goal (electrified grid, extinction, warning stimulus) causes behavioral 
inhibition. Thus, an approach-avoidance conflict situation is created by interruption of the 
approach response. In method A this is done by primary punishment of the approach response 
and in method В by omission of the reinforcer. Both methods are less well apt for inducing the 
required approach-avoidance conflict. Interruption of behavior by a warning stimulus (method C) 
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is much more suitable. The most suitable and controlled stimulus is a conditioned aversive 
stimulus, by pairing a neutral stimulus with shock thus making it aversive. 
Combining the above mentioned three demands for an approach-avoidance conflict paradigm 
(i.e. warning signal for ecological reality, two gradients for the conflict theory and interruption of 
ongoing behavior for estimation of the motivation) the so-called secondary or conditioned 
punishment paradigm for inducing an approach-avoidance conflict is chosen. This paradigm is 
first described by Mowrer and Aiken (1954). It is, however, not much used in conflict research. 
De Mey (1982) used it as an animal analogue of human phobia for studying the effect of different 
treatments on the extinction of phobia. In short, the paradigm consists of the following phases: 
1) Approach training towards a goal, where some sort of reinforcer is presented. 
2) Aversive training, in which an aversive conditioned stimulus (CS) is created by way of 
classical conditioning. 
3) Recovery training. If the same apparatus is used for aversive as well as approach 
training the behavior of the subjects is depressed by aversive conditioning to apparatus 
cues. Recovery from aversive training is then a necessary substage in the conditioned 
punishment paradigm (McAllister and McAllister, 1962). 
4) Conditioned punishment test. The effect of the CS-presentation contingent upon 
approach behavior is tested. 
Thus two gradients for incompatible responses (approach and avoidance) are independently 
established and during the conflict test the approach behavior is interrupted by a warning signal; 
the three elements necessary for our conflict test are represented in this paradigm. One important 
addition is made: after the first confrontation with the aversive CS that interrupts ongoing 
behavior the subject is repeatedly tested until the outcome of the conflict is known, i.e. the 
subject avoids the goal completely or approaches the goal. 
The paradigm is used in two quite distinct apparatus; the Skinnerbox and the runway. The 
main difference concerning the paradigm between these two apparatus is the dimension, in which 
the approach-avoidance conflict is induced. The runway measures mainly physical distance from 
a goal (spatial dimension), whereas the Skinnerbox measures distance from a goal in time 
(temporal dimension). No indications are found that results from both test situations are not 
comparable, although no cross-validation between both configurations is done. 
The Miller conflict model (Miller, 1944) is an approach/active avoidance model according to 
Yelen (Yelen, 1976). In an active avoidance situation animals do something to avoid a noxious 
event. In the conditioned punishment paradigm rats approach a goal, but try to avoid the warning 
signal that appears contingent on their approach behavior. In that case they actively avoid the 
signal. Another configuration in which rats actively avoid a signal is the shuttlebox. The 
acquisition of a two-way active avoidance response could be measured, independently of the 
Skinnerbox configuration in the shuttlebox configuration. Shuttlebox avoidance behavior is 
therefore used to compare with avoidance tendencies measured in the Skinnerbox and the 
runway. 
In the following section the experimental settings and their procedures (approach training, 
aversive training, recovery training and conditioned punishment testing in the Skinnerbox and the 
runway), ultrasonic equipment and the type of statistical analyses used are presented. 
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BEHAVIORAL ANALYSIS 
In Skinnerbox and runway experiments the animals are trained to reach a goal and the 
latencies to reach the goal are measured and presented. Additionally, behavioral recordings are 
made especially in the runway, in which animals are trained and tested individually, contrary to 
the Skinnerbox in which 8 animals are trained simultaneously. In the runway the following 
behaviors are measured: freezing, oscillations in behavior (twitches), grooming, rearing, head 
shaking (scanning), sniffing low and fuming. However, only results of oscillations in the 
runway are presented, because other behaviors produced no essential additional information. 
Special subjects such as ultrasonic vocalizations, the sexual behavior of rats in the open-field and 
in the runway are described elsewhere. 
APPARATUS AND PROCEDURES 
A number of pilot experiments have been done to optimalize the paradigm for further 
experimentation. A number of the results of these pilot experiments are presented in the 
description of the procedures of the Skinnerbox and the runways. A short summary of the 
experiments is given in the appendices 1, 2 and 3. 
SKINNERBOX 
Configuranon 
The main purpose of the Skinnerbox configuration was to measure temporal distance to the 
goal. It is important to notice here that the Miller conflict model should be applicable in all sorts 
of situations with physical, temporal and generalizational gradients (Miller, 1944). The apparatus 
consisted of eight operant conditioning boxes (23x24x20 cms) connected to a PDP 11/03 
computer, which was used to control the experiment and to record the results. Each box 
contained a speaker, a house light, three stimulus lights, a reinforcement compartment 
(magazine) with a light, and a grid floor. A retractable lever was mounted at the left side of the 
reinforcement compartment. Food pellets (Campden precision food pellets of 45 mgs) were 
presented in the magazine (5x5x5 cms) by a pellet feeder. Each box was enclosed in a sound 
attenuating chamber, which had a plexiglass front door and an exhaust blower (producing 
background noise of 45 dBA) at the left side of the chamber. Scrambled electric shock of 
controllable amperage could be delivered through the grid floor. During shock sessions the levers 
were retracted. Shocks of 0.5 second duration and of varying intensities served as the 
unconditioned stimulus. The conditioned stimulus was a tone of 4 kHz of about 60 dB SPL, 




Approach training sessions were held aiming at teaching the rats to hold down a lever for 5 
seconds in order to obtain a food pellet. First rats were deprived of food to 85 or 90% of their 
predeprivation free feeding body weight. Habituation and magazine training were given together 
on two consecutive days. During 30-minute sessions food pellets were delivered at variable 
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intervals (60±40 seconds with a range of 20-100 seconds; flat distribution), dependent on the 
magazine visits of the animal. The lever was retracted during these sessions. A criterion of 25 
pellets per 30 minutes was enough to allocate an animal to the next approach training stage. The 
second stage in the approach training was a continuous leverpress reinforcement training in 
which subjects had to attain a criterion of 20 food pellets in 30 minutes. Sessions were continued 
for 30 minutes unless a subject had obtained 20 food pellets. The third stage consisted of the 
shaping of the 5-second leverhold response. During the first shaping sessions each second 
reinforcement was followed by an increase of leverholding criterion of 0.1 second. After 20 
reinforcements (1.0 second criterion) the session was ended. The second shaping session each 
reinforcement was followed by an increase in the criterion of response duration of 0.1 second 
until 20 food pellets were obtained. In the third shaping session the rat should reach a criterion of 
5 second leverholding response, starting from 3 seconds with increments of 0.1 second after 
each reinforcement. The last stage of the approach training the subjects had to attain a response 
speed of ten 5-second leverholding responses within the first 5 minutes of the session. The last 
approach training session is called baseline approach. 
Aversive training 
In one session 8 Pavlovian conditioning trials were conducted in the Skinnerbox. Each trial 
consisted of the presentation of a tone stimulus of 5 or 10 second duration terminating 
simultaneously with the offset of a 0.5-second shock UCS. The 8 trials were held at 1, 2.5, 3,4, 
5, 5.5,6.5 and 8 minutes after the beginning of a session. In the first pilot experiment the shock 
intensity was varied (appendix 1). The results showed that 0.5 mA shock coupled with the tone 
interrupted only shortly the approach behavior in the conditioned punishment test, while there 
were no differences between the effects of 1.0, 1.5 and 2.0 mA. On the basis of the results of 
this experiment a shock intensity of 1.0 mA was used in subsequent experiments. More results 
of this pilot experiment are also shown in figure 2.1 (example of leverhold behavior of rat 33), 
figure 2.5. (example of ultrasound in relation to the speed of conflict resolution), figure 2.6. 
(example of presentation of experimental results in a barplot) and in figure 2.7 (example of a 
survival graph). 
Recovery training 
The rats' lever holding was sometimes depressed after aversive training, probably because of 
fear conditioned to apparatus cues during the aversive phase (McAllister and McAllister, 1962). 
Recovery training aimed at restoring their previous level of leverholding performance. Sessions 
were identical to the approach training (5-second leverholding) sessions and were continued until 
the rats had reattained the criterion similar to the baseline approach training. The first recovery 
session after the aversive training is called first recovery. The last recovery session is called 
baseline recovery. Time for obtaining 10 reinforcements served as the criterion variable. 
Conditioned Punishment test 
During the conditioned punishment phase rats had to undergo daily sessions that lasted 10 or 
15 minutes, dependent on the experiment, in which they could hold down the lever for 5 seconds 
in order to obtain the reinforcement. However, lever holding now produced the aversive tone-
CS, which remained on while the lever was held down and went off as soon as it was released. 
Subjects became in conflict in these conditioned punishment sessions and, at first, aborted the 
leverhold before the 5-second criterion was reached (Millenson and MacMillan, 1975). In most 
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experiments the conflict sessions continued until all subjects reached the criterion of 5 seconds of 
holding down the lever and hence obtained at least one reinforcement. The process of conflict 
resolution in the Skinnerbox is described by the example of subject 33 from the 1.5 mA 
condition in the pilot experiment (appendix 1). The first leverhold of subject 33 is interrupted by 
the tone and lasted therefore only .20 seconds (figure 2.1a). During the first conflict session only 
four leverhold responses are registered, all of short duration. In the second and third conflict test 
three and four responses are given by the animal (figure 2.1b and c). In the fourth session the 
frequency of leverholds increases, the intervals between the responses become shorter and the 
duration gets longer (figure 2. Id). Every leverhold means some extinction of the aversive 
properties of the aversive stimulus because it is not followed by shock. In the fifth session the 
first leverhold of 5 seconds is registered (figure 2. le). It was found that when the first successful 
leverhold occurs at the end of a session it is still possible that the animal has not solved the 
conflict and will be unsuccessful again in the next session. Rat 33, however, continues to 
increase the leverhold frequency and the duration of the leverholds in the sixth session (figure 
2.If), but also a lot of short leverholds are found, which are called oscillations. They diminish 
when the performance of the subject ameliorates in the course of the sessions (see session 7 and 
8, figure 2.1 g and h). Especially in the 8th session it is striking that at first the oscillatory 
behavior is found, then the increase in leverhold duration and then the stable performance of 
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Figure 2.1b. The third (left panel) and fourth (right panel) conditioned punishment session of rat 33 in the 
Skinnerbox. 
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Figure 2.Id. The seventh (left panel) and eighth (right panel) conditioned punishment session of rat 33 in the 
Slcinnerbox. 
RUNWAY CONFIGURATIONS 
The main purpose of the runways was to measure physical distance to a goal during an 
approach-avoidance conflict in accordance with the experiments of Miller (1959). Two types of 
runways were used in different experiments. They were basically the same, but differed in outer 
appearance and some technical details. Runway I was used in experiments in which food pellets 
were the reinforcers of the approach behavior (running for food), runway II was the 
experimental setting for some experiments in which sexual behavior in the goalbox was the 
reinforcing stimulus (running for a partner). 
RUNWAY I 
Configuration 
The apparatus consisted of a startbox, an alley and a goalbox. The interior of the startbox and 
goalbox measured 25x25 cms and had a height of 22.5 cms above the grid floor. The stainless 
steal rods of the grid were spaced 1.4 cms apart. The alley consisted of eight separate modules 
with a length of 30 cms, a width of 10 cms and had a height of 22.5 cms above a grid floor (21 
rods per module). In each alley element 8 infrared photosensors were mounted 4 cms above the 
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grid floor and 3.5 cms apart from each other. Between startbox and alley, and between goalbox 
and alley automatic doors were placed closing the alley sideways. In the goalbox a reinforcement 
compartment of 5x5x5 cms was present with a pellet feeder. The alley was covered with 
plexiglass lids. In the alley element next to the goalbox a row of stimulus lights of 24V, 0.10mA 
was mounted in the ceiling. In startbox and goalbox transport cages could be placed to move an 
animal from goalbox to startbox without handling it. The animals were placed in these transport 
cages in the stockroom and so they were not handled between trials. These cages were made of 
clear plexiglass with 160 airholes in the ceiling and had a handle. Two sides were fixed, the two 
other sides consisted of removable lids. They measured 23.5x22.5x23.5 cms. The runway 
configuration was operated by a PDP 11/03 computer, controlling the experiment and it also 
recorded behavior. An 8 channel and later on a 16 channel behavior recording unit was also 
available. The detection of the location of the animal with the infrared photosensors was 
controlled by a separate microprocessor. The status of this processor was recorded by the PDP 
11/03 computer. Underneath the alley a mirror of 300x45 cms was fixed under an angle of 45 
degrees. Before the mirror three red TL-lights were placed to illuminate the animal from below. 
In this way - with the lights in the experimental room off - movements and postures of the animal 
in the runway could be well recorded through the mirror. During all stages of training and testing 
registrations of ultrasonic vocalizations of the subjects were made. Before the mirror underneath 
the runway two ultrasonic microphones were placed (central beneath the first half of the runway 
and central beneath the second half of the runway). 
Procedure 
Approach training 
Food deprived rats were given a magazine training in the transport box placed in the goalbox, 
while the transport box door towards the alley was closed. Rats obtained a food pellet 2 seconds 
after they interrupted an infrared lightbeam in the magazine or 10 seconds after starting the 
training. Interruption of the lightbeam also resulted in the closing of the doors at the beginning 
and the end of the alley. Five food pellets could be obtained. Ten magazine trials were given in 
this way. If the subject obtained 50 food pellets within 10 minutes he was allocated to the next 
training stage. The approach training consisted of 5 or 10 trials per session (dependent on the 
experiment). In the stockroom the rat was placed in the transport box and put in the startbox of 
the runway and one closing lid was opened. A trial was started by activating the program. After 5 
seconds the startbox door opened and the rat could walk or run through the alley towards the 
magazine in the goalbox. When the rat put his head in the magazine the first pellet was delivered 
and the goalbox door was closed. After obtaining 5 pellets the trial was ended. The transport box 
was now removed from the goalbox and again placed in the startbox and a new trial was started. 
The last sessions of the approach training consisted of a number of baseline approach trials. The 
criterion for ending the approach training differed between experiments. Subjects could be 
trained in ca 80 trials to run down the alley in about 5 seconds (maximum running speed of 265 
cms in 3.5 seconds). It soon became clear that so much training was not necessary for a stable 
performance. An approach-avoidance conflict could be induced with much less training trials. It 
is often investigated whether the running speed in the different parts of the runway reflects or 
parallels the shape of the approach gradient in the approach-avoidance conflict model. The results 
show mostly an initial hesitation and a terminal retardation producing an inverted U-shape for 
running speed. The running speed shapes found in the pilot experiments are conform those 
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presented in literature (Hull, 1934, Schroeder and Geijuoy, 1965, Weiss, 1960 and Clifford, 
1973). When the subject is trained in the runway to run to the goal for food, the running speed 
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Figure 2.2 Mean running 
speed in centimeters per second in 
the runway of 8 rats in ihe 
beginning (trial 5-15) and at the 
end (trial 75-85) of approach 
training. 
Aversive training 
The aversive training took place in the second half of the runway. The goal door was closed 
and halfway the runway another closed door was placed. Rats were transported from the 
stockroom to the experimental room in their homecage and put in the above described section of 
the runway. In one session 8 CS-UCS pairings were administered. A flash light was placed just 
before the goal door. It had an on/off penod of 0.4 seconds and lasted 10 seconds. Its duration 
was simultaneously ended with a 1.0 mA shock of 0.5 second duration delivered through the 
grid floor. These CS-UCS pairings were given on the 1, 2.5, 3, 4, 4.5, 6, 7.5, and 8th minute 
of a session. Behavior and activity of the animal were recorded during these sessions. 
In figure 2.3 the effect of the administration of four shocks on the activity of the males and 
females is given. After the shock there is a short postshock activity burst (Fanselow, 1982). 
There is a decrease in the amount of activity after the subsequent shocks. Males are less active 
than females. 
-r 
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Figure 2.3. The effect of the 
administration of four shocks on 
the activity of the males and 
females in the second half of ihe 
runway AcUvity is measured in 
hghtbeam inlerruptions per 10 
seconds. The four shocks are 
administered al the 70th, 100th, 
130th and 160th second in the 
session (data from a pilot 
experiment shortly described in 
appenda 3) 
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Recovery training 
The recovery training was in design similar to the approach training. During the first recovery 
after shock there is a strong approach-avoidance conflict. This conflict situation is comparable 
with the conflict in a passive avoidance test, as described for instance by Van der Poel (1979). 
The conflict is, however, not signalled and does therefore, not fulfill the requirement of a 
signalled approach-avoidance conflict Sometimes during the first recovery animals did not walk 
through the second half of the runway, where they were previously shocked, within the criterion 
of 10 minutes. In that case they were gently pushed by hand or by a ratpusher - which could be 
pushed through the alley - towards the goalbox, until they voluntary ran to the goalbox. The first 
recovery was the first trial the subjects ran voluntary to the goal. The last recovery session 
included the recovery baseline data. This baseline recovery trial was given two hours before 
conditioned punishment testing to 'prime' the animal (Gray, 1975). 
Conditioned Punishment test 
Light instead of sound was used in the runways as an aversive stimulus. The reasons were 
that a tone as aversive stimulus could interfere with the registration of ultrasound and that a light 
is more localized than tone and is therefore more suitable in the spatial approach-avoidance 
conflict induced in the runways. The use of light flashes instead of continuous light was inspired 
by the results of a pilot experiment (appendix 2). The approach response is successfully 
interrupted by a continuous light stimulus in the second half of the runway, but the subject 
remains freezing in the aversive light and fast extinction of the aversive properties is found when 
the subject remains in the second half of the runway where the aversive light is presented (figure 
2.4). In fact, the behavior is so suppressed that the rat is caught in the light and crouches in the 
end slowly towards the goal. When, however, the light is contingent only on forward movement 
in the second half of the runway the rat is able to move more freely, because the light produced 
no flashes whenever the rat is in fixed position or is moving - backwards! - in the direction of the 
startbox. This allows the rat to retreat in the startbox. 
Figure 2.4. Mean running 
speed in centimeters per second in 
the runway of 16 rats. In the 
second half of the runway (120 
cms from the start) an aversive 
light is presented, that stops the 
animals. The running speed in the 
first trial (trial 1) of a session is 
much slower than on subsequent 
trials (trial 5). Funhermore, when 
the rat runs faster it needs more 
space to stop when the aversive 
light is on (trial 1-t-CS versus trial 
5+CS; see for more details 
appendix 2). 
The conditioned punishment sessions consisted of one trial only and this trial is essentially the 
same as an approach trial with addition of the aversive light contingent on forward movement. 
The trial in which the aversive light was presented was determined in a pilot experiment in which 
the effect of interruption of approach behavior in the first and the fifth trial was compared (see 
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appendix 2). The conflict in the fifth trial was resolved faster than the conflict in the first trial. 
This difference could be explained from differences that already existed in the approach and 
recovery baselines. It was decided to give one conditioned punishment trial per day preceded by 
one recovery trial two hours earlier. 
The session was stopped after IS minutes or when the rat reached the goalbox and obtained S 
pellets. During conditioned punishment testing the behavior of the animal was recorded on 
videotape and registered while viewing the monitor. 
RUNWAY II 
Configuration 
Runway II measured 268x25.5 cms and had a height of 40 cms above the grid floor, that 
consisted of 192 rods 1.4 cm apart. This runway was not covered. Three replaceable door 
elements were available with an upward sliding door that covered a 10x6 cms step through in the 
middle of the element. During approach, recovery and conditioned punishment training the doors 
were set in such a way that a startbox of 17.5x25.5x40 cms and a goalbox of 50x25.5x40 cms 
were available, leaving for the alley a length of 200 cms. The detection of the location of the rat 
was modified with respect to runway I in a system with two infrared sensors per location at 2.5 
and 4 cms above the grid floor and 4 cms apart from the neighbor infrared sensors. This system 
worked somewhat more adequate than the runway I system in which a rat sometimes was lost by 
the rat detector, because of tail movements of the rat. Before the entrance to the goalbox a row of 
six lights of 24V, 0.10 mA (1 cm apart, perpendicular on the running direction) were placed as 
stimulus lights. The whole configuration again was controlled by the same rat detector and PDP 
11/03 computer. Also the mirror observation equipment was the same as in the runway I setting. 
Procedure 
Approach training 
At first animals are habituated to the runway by placing the animal in the startbox and allowing 
5 minutes of exploration in the whole runway. Habituation is then followed by goalbox training. 
In the goalbox the experimental animal is confronted with a tethered stimulus animal of the 
opposite sex to a maximum of 5 minutes or until two mount/intromissions are observed. This is 
done repeatedly until all animals have at least copulated twice in the goalbox. The approach 
training differed between experiments. In an early stage the same massed trial procedure as in the 
runway I experiments is followed. This procedure included handling of the experimental animal 
between trials (transport cages could not be used, because of the presence of the stimulus 
animal). Handling had in this context a depressing effect on approach behavior, especially in 
females. Thus, in later experiments the procedure is changed to one trial spaced training of fixed 
duration, in which an animal could freely visit all parts of the alley and could copulate with the 
stimulus animal in the goalbox. In this case baseline approach behavior is not well defined. 
Aversive training 
Aversive training was the same as in the runway I configuration. A session of 10 minutes was 
held, in which 8 Pavlovian-conditioning trials were presented. The UCS was a shock of 1.0 mA 
and 0.5 second duration. The CS was a flashing light with a period of 0.4 second. The offset of 
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the CS was also the offset of the UCS. The spacing of the tone-shock combination was the same 
as in runway I. 
Recovery training 
Recovery training was the same as approach training. The animal should reach a performance 
comparable in number of mounts and in running latency in relation to the approach training. The 
last recovery training is called baseline recovery training. 
Conditioned Punishment test 
The aversive light appears now contingent on forward movement in the second half of the 
runway. Sessions of a duration of 10 or 15 minutes were repeatedly presented, until all animals 
had reached the goalbox. 
SHUTTLEBOX 
Configuration 
The main purpose of the shuttlebox was to measure the acquisition of a two-way active 
avoidance response. Subjects were trained and tested in a shuttlebox of 40x25x45 cms, made of 
plexiglass. The floor of the shuttlebox consisted of a grid of 20 steel rods, placed at distances of 
1 cm each. The cover was made of plexiglass and contained a number of air holes. The 
shuttlebox was divided in identical compartments of 20x25x45 cms by a barrier of 3 cms high 
between the rods. A shock scrambler provided a shock (the UCS=unconditioned stimulus) of 
0.3 mA. The CS ^conditioned stimulus) was a tone of 4 kHz and 70 dB, coming out of a 
speaker located in the ceiling of the shuttlebox. The box was not illuminated. The shuttlebox was 
connected to a PDP 11/03 computer, which was used to control the experiment by producing the 
tone and the shocks at certain intervals (60±15 seconds) and to record the results, which were 
registered by switches operated by an observer, who indicated the compartment the subject was 
in. During the initial stage of the experiments two shuttleboxes were run simultaneously, later the 
configuration was automated. Four shuttleboxes were placed on microswitches, which were 
operated by the movements and weight of the experimental subjects. 
Procedure 
The subject was placed in the shutdebox. They could explore the box for 5 minutes, in which 
the number of barrier crossings were registered {presession crossings). After the initial 5 
minutes, 50 conditioning trials were given. At intervals of 60+15 seconds a tone was presented. 
If a rat goes to the other compartment within 7.5 seconds the tone presentation is stopped and the 
trial is over: the subject made an avoidance response. If the subject, however, stays in the same 
compartment a shock of 0.3 mA is given which starts after 7.5 seconds. Now the tone and the 
shock are both on. When the animal jumps to the other compartment both tone and shock are 
stopped: the animal performed an escape response. If the subject, however, stays in the same 
compartment during the tone and the shock, both are stopped after 7.5 seconds. The subject 
showed no response or a iif response. Between trials the animal can go to the other 
compartment This is registered as an intertrial crossing. 
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OPEN-FIELD 
Configuration 
The open-field consisted of a square wooden floor (100x100 cms) painted white (Vossen, 
1966). Black lines divided it in 36 equal squares. The walls were 35 cms high and painted white 
except the front wall which was made of plexiglass. Contrary to most studies concerning the 
open-field that use bright illumination, illumination was realized by red TL bulbs in the 
observation room giving very dim illumination on the floor of the open-field. Above the 
open-field an ultrasonic microphone was hanging 40 cms above the floor of the open-field. 
Procedure 
After individual transportation from the stockroom to the experimental room the subject was 
placed in the center of the open-field. After placing the subject in the center of the open-field it 
took the observer a few seconds to reach the observer's place. The behavior was recorded 
directly on a PDP11/03 computer. From all behaviors latency, frequency, duration and sequence 
were recorded. The categories were ultrasonic pulses, grooming, defecation, headshaking, 
rearing (+leaning) and crossings in the center (16 squares), side (16 squares) or comer (4 
squares) of the open-field. A line was defined as being crossed when the subject had at least one 
hindleg in an adjacent square (definitions of line crossing with forelegs are hampered by rearing 
behavior). The total number of crossings was the summation of all crossings (center, side and 
comer) measured during 5 minutes. The wall crossings are the summation of the side and comer 
crossings measured during 5 minutes. After 5 minutes of testing and then removing the subject 
from the open-field, the open-field was thoroughly cleaned with a mixture water and alcohol. 
Testing was repeated at least on two consecutive days. 
ULTRASOUND REGISTRATION 
Introduction 
Behavior of an animal in a Skinnerbox is not often registered other than by leverpresses or 
leverholds. A simple way to quantify at least a pan of the behavior of the animal is to quantify the 
sounds produced by the animal, which can be correlates of the motivational state of the animal. 
An easy and objective way to do this is the registration of sounds made in reaction to shock or 
the conditioned aversive stimulus. Rats produce ultrasonic sounds in the range of 20-70 kHz. It 
is supposed that high ultrasound (40-70 kHz) is associated with approach tendencies and 20-30 
kHz (particular 22 kHz) is associated with avoidance tendencies in the behavior of the rat 
(Nitschke, 1982). After being shocked rats can produced low ultrasound of 22 kHz (Barfield and 
Geyer, 1972). These sounds occur also in situations in which rats are behaviorally immobile 
(Adler and Anisko, 1979), in the postejaculatory interval (Barfield and Geyer, 1972,1975), after 
being defeated during a fight (Sales, 1972). Low ultrasound is associated with 'social 
withdrawal'. The high ultrasound is more variable and is associated with 'social approach'. A lot 
is known about ultrasound of rats in social contexts. In non-social situations, however, much 
less is known (Nitschke, 1982). In most test situations ultrasonic vocalizations of the rats are 
recorded. This behavior produced, more than the aforementioned behaviors, additional 
information about the animals in conflict and the speed of conflict resolution. In our test 
situations the occurrence of low ultrasound (22 kHz) can be indicative of avoidance tendencies 
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and the occurrence of high ultrasound (50 kHz) can be indicative of approach tendencies in the 
animal and can be of predictive value for the outcome of the conflict. In almost all experiments 
presented in this thesis registrations are made of the amount of ultrasonic pulses in different 
frequency-ranges produced by the rats. The first aim was to find a setting in which these pulses 
could be measured reliably in relation to approach and avoidance behavior. In many experiments 
very few pulses are produced by the experimental animals. 
Equipment 
A number of recording and analysis methods have been developed to study rodent ultrasonic 
vocalizations. The most commonly used methods are: 
1) Inspection of oscilloscope tracings. 
2) Magnetic tape recording and replay at a slower speed 
3) Narrowband heterodyne circuits that translates ultrasound into audible sound. 
4) Multichannel circuits to analyze analog input in several frequency ranges and to convert 
signals to digital output. 
5) Sonagraphic instrumentation as a display medium for subsequent analysis and presentation. 
Although methods 1, 2, 3 and 4 are used in several experiments only 3 and 4 will be 
described in detail. Ultrasonic signals are recorded with a Bruel and Kjaer precision microphone 
(type 4135) and preamplifier (type 2618 or 2619). The signals are fed into a Bruel and Kjaer 
measuring amplifier (type 2608) with an external high pass filter* (cutting frequency 16 kHz 
attenuation 16 dB per octave). The filtered and amplified signal is fed into the USDS A. 
Ultrasonic Sound Detector Spectrum Analyzer (USDSA) 
The input signal of 16-110 kHz is mixed with a signal of 270-370 kHz produced by a voltage 
controlled oscillator (VCO). In the manual mode the desired detection frequency can be selected 
with a stepvoltage bank (10 kHz per step). In the automatic mode a sweepgenerator with a period 
of 6.55 msec produces a voltage which is fed to the VCO resulting in a frequency scan from 10 
to 110 kHz in 6.55 msec. A digital time base is added to the configuration to convert the analog 
ultrasonic input in digital pulses that could serve as input for the PDP 11/03 computer. The 
digital time base replaces the internal timebase of the USDSA. A counter directs a DA converter 
which tells the USDSA to look at a certain frequency range. This counter also addresses a 
memory register, where the result - pulse or no pulse on the frequency range - is stored. There 
are 16 possible frequency ranges of which the following 8 are used 16.7-23.3, 23.3-30, 30-
36.7, 36.7-43.3, 43.3-50, 50-56.7, 56.7-63.3 and 63.3-70 kHz. 
Rat detector: frequency divider* 
This rat detector is a modification of the detector described by Anderson and Miller (1976). 
The high pass filtered signal of the measuring amplifier is also fed into a 16-divider. All pulse 
frequencies are divided by 16, resulting in the conversion of the ultrasonic frequency range of 
10-110 kHz to the sonic frequency range of 0.6-6.6 kHz. The converted signal is audible 
through headphones and could be registered on audio- or videotape. This device also made it 
possible to record by hand long ultrasonic pulses and pulsetrains of high frequency ultrasonic 
vocalizations resulting in a bout behavior protocol. 
*іпш1е by the electrotechnic departmeni of the psychological laboratory of the University of Nijmegen 
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Rat detector: super heterodyne filter * 
The apparatus is described by Pye and Rinn (1964). Only low frequency 20-40 kHz could be 
registered. This apparatus is only used in experiment 1. 
Ultrasonic Vocalizations: preliminary results 
In the experiments described in this thesis ultrasonic vocalizations are investigated as a 
unconditioned response in the aversive training and a conditioned response in the conditioned 
punishment test, in which the aversive tone is presented. A number of results from pilot 
experiments (appendix 1 and 3) will be presented here. 22 KHz ultrasound is associated with 
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The amount of 22 kHz ultrasonic vocalizations increases with increasing shockintensity 
(figure 2.5b). 
Figure 2.5b. The proportion 
time making 22 kHz ultrasound of 
the first conflict session in rclauon 
to ihe shock intensity administered 
in the shock session. 
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SHOCK INTENSITY 
The speed of conflict resolution is inversely related to the proportion of time spent in 
production of ultrasound (figure 2.5c). 
One of the goals was to investigate the meaning of ultrasound in an approach-avoidance 
conflict. In a number of pilot experiments it appeared that in the runway only few ultrasonic 
utterings are heard during the conflict test, while in the Skinnerbox not only during the shock 
session but also during the conditioned punishment test many low 22 kHz ultrasounds can be 
heard. One possibility is that the restriction of the environment - no possibility to escape the 
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are restricted to the shock environment during the test without any possibilities to escape to the 
startbox or the first part of the runway (see appendix 3). The results show that low ultrasound is 
produced as a reaction to the aversive CS, indicating that indeed the restriction in the environment 
mediates the production of ultrasound. Females produce more high frequency ultrasonic 
















Figure 2.5a. The speed of 
conflict resolution in relation to 
the proportion of time the rat is 
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first conflict lest as reaction to the 
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Condiuoned Stimulus. 
о 20 40 60 ^ t jme 8 0 
22 kHz in 1st CONFLICT TEST 
Males produce more low frequency ultrasonic vocalizations and have a low activity. On the 
whole the animals are much more quiet in the ultrasonic range after the aversive experience in the 
shock session than during habituation in the second half of the runway. The aversive event has 
an aftereffect on the vocalizations. The different behavioral reactions of males and females 
concerning activity and ultrasound production in aversive and conflict situations maybe reflected 
in the speed of conflict resolution. 
STATISTICAL ANALYSIS 
Dependent variable: speed of conflict resolution 
The main attention is focused on the speed of conflict resolution as dependent variable. In this 
case this was not comparable with real running speed because the subjects were sitting quietly in 
the startbox for long periods and showed many oscillations in their behavior (running up and 
down the first half part of the alley). So the commonly used measure of the reciprocal latency 
(1/time) was not a good indication for the speed of conflict resolution. Therefore, in most 
analysis the latency to reach the goal was the measure for comparison between groups. This 
measure is in most cases not normally distributed. A ¡Olog-transformation of the latency to reach 
the goal resulted mostly in distributions, that were allowed to be analyzed by way of analysis of 
variance. The first letters of names of independent factors in the design are in most cases 
Capitals. 
Analysis of Variance 
Most data are analyzed using analysis of variance as preferred statistical technique. Bartlett's 
test for homogeneity was done and - when necessary - nonparametric statistical tests (Siegel, 
1960) were performed. Nonparametric statistical tests resulted mostly in levels of significance 
comparable with the levels obtained by the analysis of variance. In some experiments a priori 
contrasts were calculated. In case of significant interactions the Duncan post hoc comparison was 
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used on the a=0.05 level to discover differences between groups. Trend-analysis was performed 
in case differences in the course of time were expected on a certain variable. The importance of a 
specific trend was deducted from the amount of variation it accounted for. If the amount of 
variation was more than 10% the trend was judged as important enough for further consideration 
and explanation of the data. 
Analysis of Covariance 
Sometimes it was necessary to use covariates in the analysis to control for baseline differences 
(see for example appendix 2). Differences are bedeviled by problems of scale and measurement 
error and they are rarely suited for problems of change (Plewis, 1985). On the other hand, using 
the pre-treatment measures in the analysis can lead to a more powerful experiment, i.e. more 
precise comparison by using the analysis of covariance. Three types of analysis of covariance are 
used for this purpose: 
1) In case non-parallel regressions between pre-treatment and post-treatment levels are present 
the Johnson-Neyman technique (Pigache et al., 1976) overcomes most of the 
measurement and scale problems and allows the estimation of the baseline contribution 
(see for example in chapter IV the relation between male and female sexual behavior). 
2) If parallel relations between pre-treatment and post-treatment measurements are supposed: 
a) One variable, selected by the investigator, is used as a covariate to control for 
covariation and to estimate the presumed influence of the covariate on the 
dependent variable explicitly (regression). 
b) The other technique used in this thesis is the stepdown analysis of Roy-Bargmann 
(see Bock, 1975). 
Stepdown analysis 
In this analysis a response variable is adjusted for the preceding variables in a multivariate 
analysis. A significant test statistic (Fstep) for the Kth response variable indicates that this 
variable is important for testing the hypothesis that the effect is zero and cannot be accounted for 
by a linear combination of the preceding K-1 variables. In the normal sequence of 
experimentation this means that the first recovery is controlled for individual differences in 
baseline approach, the baseline recovery for individual differences in baseline approach and first 
recovery, and the conditioned punishment for individual differences in baseline approach, first 
recovery and baseline recovery. However, the main interest is focused on the speed of conflict 
resolution in the conflict phase of the experiment. Controlling for baseline differences seems to 
be the right method, but not controlling for first recovery differences, in which the influence of 
the shock session on approach behavior is measured. It is, however, interesting and important to 
estimate the relative addition of shock on the speed of conflict resolution. Therefore, the method 
is used to estimate if the effect found in first recovery - the effect of shock on subsequent 
approach behavior - is comparable with conditioned punishment testing by controlling it for 
baseline differences and the differences in the conflict test. Thus, in the stepdown analysis the 
following sequence of variables is chosen: 
1) baseline approach in tables named as approach 
2) baseline recovery in tables named as recovery! 
3) conditioned punishment test in tables named as conflict 
4) first recovery after shock in tables named as recovery 1 
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TABLE 2.1. Example table of stepdown analysis. Speed of conflict 
resolution in relation to shock strength in the Skinnerbox. 





N of subiects 
0.5 1.0 1.5 2.0 
2.24 2.26 2.28 2.26 
2.30 2.32 2.27 2.24 
2.88 3.59 3.65 3.72 
2.38 2.58 2.75 2.85 





Step .18 .905 
7.80# .001 
Step 9.40# .001 
4.39* .016 
Step 1.37 .285 
F s lep 's presented below the F-value, indicated by 'Step'. The speed of 
conflict resolution is measured as the latency from the start of the first 
session until the tenth pellet is gained. Goal latency in conflict is a 
summation over eight sessions. The latencies are lOlog transformed. The 
differences found m the first recovery after shock disappear in the stepdown 
analysis. 
If the Fstep for baseline recovery is not significant it can be concluded that recovery is not 
differentially incomplete for the groups. If the univariate F and the Ρ
χιβ
ρ for the conflict test 
(conditioned punishment) are significant, it can be concluded that the univariate F of the 
conditioned punishment variable is not biased by the differences between groups on baseline 
approach or recovery level. If the F
s
tep of the recoveryl (first recovery) is not significant, it 
can be can concluded that the effect found on the conditioned punishment variable due to the CS-
presentation is comparable with the first recovery after shock. If the Fstep in the recoveryl is 
significant it means that group differences found in the first recovery can not be explained by 
baseline differences and differences caused by the effects of the CS on approach behavior as is 
measured in the conflict phase. Most probably this effect has to be ascribed to effects of 
conditioning to the context in the shock session, which are extinguished during the recovery 
training and do not reappear in the conflict test due to aversive CS presentation. 
Survival analysis 
In some cases survival analysis was used. It is a nonparametric test that evaluates the time-
interval between two events, a starting event and a terminating event. It is most commonly used 
to characterize the survival times of patients with severe illnesses and to study the effects of 
different treatments on the survival of such patients (SPSS-update 7-9, 1983). It can also be 
applied to conflict research with special emphasis on the speed of conflict resolution. The starting 
point - bringing the animal in conflict - and the terminating point - the animal reaches a conflict 
resolution criterion - are well-defined. The only restrictions of the formal analysis are: 
1) The starting event must occur. 
2) The terminating event must not occur before the starting event. 
3) The terminal event must be defined so that it is impossible to occur more than once. 
Group comparisons are possible and make use of the Lee-Desu statistic. This type of analysis 
will be performed for graphic presentations and additional statistics. 
Levels of Significance 
Most levels of statistical significance are presented in the following way: 
p<0.01 very significant (#) 
p<0.05 significant (*) 
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p<0.10 marginally significant (+) 
non-significant no special signs used in these cases 
In some tables the non-significant F- and p-values are omitted to avoid confusion with 
important (significant) outcomes. Furthermore, meaningful significant F-values are printed bold 
for focussing the attention to the significant points. For instance in trendanalysis some significant 
F-values are not printed bold, because the trend explains less than 10% of the variation. 
Graphical presentation 
For graphical presentation the goal latency measure - the logarithmic transformation - is not so 
appropriate, so for graphical presentation the geometric mean is used, i.e. the antilog of the mean 
of the logarithm of the latencies, in formula: 
»=Nrats 
/ X10log(goal latency) \ 
Geometric mean 10 
Furthermore, the sequence of geometric means presented in the figures is the sequence of 
experimentation and thus deviant from the sequence of variables that is analyzed statistically in 
the stepdown analysis (figure 2.6). 
s. 6000· 
У sec 
0 5 mA 1.0 mA 1 5 mA 
SHOCK INTENSITY 
2 0 mA 
Figure 2.6. Geometric mean 
goal latency during baseline 
approach, First recovery, baseline 
recovery and conditioned punish­
ment test with eversive tone paired 
with four different shock 
intensiues in the Skinnerbox. 





2 3 4 5 6 
SESSION IN CONFLICT 
Figure 2.7. An example of a 
survival graph. Survival graph of 
the number of rats in conflict in 
the course of conditioned 
punishment testing after four 
different shock intensiues. 
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On the Y-axis the amount of subjects still in conflict on the x-th session is represented; the X-
axis shows the course of the sessions. In the example a survival analysis is made, indicating that 
the course of conflict in the 0.5 mA group is significantly different from all other groups (the 
Lee-Desu statistic is 10.11 with df=3 --> p=.018; pairwise comparison shows that the 0.5 mA 
group is significantly different from the three other shock groups). These results are essentially 
the same as in the ANOVA presented in table 2.1. 
CHAPTER SUMMARY AND DISCUSSION 
In this chapter apparatus and procedures necessary for understanding chapters Ш, Г and V 
are presented. The paradigm to induce a conflict and the ethogram to describe the behavior are 
developed. Apparatus as the Skinnerbox, runways, shuttlebox, open-field and ultrasonic 
equipment are presented. A short description of the statistical analyses used is given. The results 
of a number of pilot experiments are presented. 
The paradigm and the experimental configurations are developed to study the approach-
avoidance conflict in rats. It appeared that an approach-avoidance conflict could be successfully 
induced by the conditioned punishment paradigm. In this paradigm a subject leams an approach 
response, for instance running for food. In a second phase the subject is made afraid of a specific 
signal, a light or a tone, that becomes an aversive conditioned stimulus. In the third phase the 
approach response is interrupted by the aversive conditioned stimulus. After being interrupted 
most subjects resume the approach response in the long run and eventually attain again the 
criterion for a successful approach response. The criterion for conflict resolution is related with 
the successful response and determines the speed of conflict resolution. It appeared that the 
conditioned punishment paradigm can be applicated in the Skinnerbox and in a runway. In the 
Skinnerbox a leverhold of 5 seconds is the approach response and a tone of 4 kHz is the aversive 
stimulus, in the runway running from a starting box (startbox) to a goalbox is the approach 
response and a light presented at the end of the runway is the aversive stimulus. In the conflict 
test in the Skinnerbox the aversive stimulus is presented contingent on the leverhold, in the 
runway the light is contingent on the approach response but only in the second half of the 
runway. In this chapter a number of basic principles for the use of the paradigm are investigated. 
The results determined the shock strength, which is paired with the aversive stimulus, the trial in 
which the conflict is induced and the properties of the aversive light stimulus in the runway. A 
light is contingent on forward movement which means that only when the rat steps forward a 
light flash is given, when it remains put or retreats no stimulus is presented. It was found that 
this kind of stimulus presentation produced behavior that was comparable with the Skinnerbox 
behavior, because the animal had comparable control over the stimulus presentation. Also 
oscillations in the behavior occurred. Differences between the Skinnerbox and the runway 
experiment became apparent and appeared to be caused by the difference in context of the 
conflict Animals in the Skinnerbox could not escape the aversive environment, while animals in 
the runway, can retreat to the startbox, a kind of homebase. 
The conclusion is that the conditioned punishment paradigm can be used to bring animals in 
an approach-avoidance conflict It can be done easily in the Skinnerbox as well as in a runway. 
In the Skinnerbox only temporal distance to the goal can be measured. In the runway temporal as 
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well as physical distance can be measured. In summary, the implications for further research are 
as follows: 
1) The conditioned punishment paradigm is used to bring rats in a controlled approach-
avoidance conflict 
2) The paradigm includes four stages: approach training, aversive training, recovery training 
and conditioned punishment testing. 
3) In the shock session a relatively neutral stimulus - light or tone - is paired with a shock of 
an intensity of 1.0 mA. 
4) In the runway first a baseline recovery trial is given on the conditioned punishment test 
day. The conditioned punishment test trial is given approximately two hours later. 
5) A flashing - and not a continuous - light contingent on forward movement serves as the 
conditioned stimulus in the runways. 
6) Ultrasound produced by the experimental subjects will be recorded as much as possible. 
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CHAPTER III. APPROACH-AVOIDANCE CONFLICT MODEL OF 
MILLER 
CHAPTER INTRODUCTION 
As a theoretical point of departure the approach-avoidance conflict model of Miller (1959) was 
chosen. In his 1959 paper Miller tried to integrate his two earlier models: the conflict model 
dealing with competing response situations in general (Miller, 1944) and the displacement model 
dealing with competing responses in situations in which stimulus similarity is the critical factor 
(Miller, 1948). His general model has a number of advantages compared to other models: 
1) The model is based on a number of simple assumptions (postulates). 
2) There is much research available concerning the assumptions as well as the predictions of 
the model. 
3) The research concerning the model is done in the animal as well as in the human field. 
4) The model is used in a practical sense in human behavior therapy (Grunwald, 1976). 
In this chapter the model and its assumptions will be summarized and some of its 
shortcomings will be indicated. In the experimental section some additions will be suggested and 
some of its supposed shortcomings will be investigated. 
The approach-avoidance conflict model is one of the four behavioristic conflict models of 
Miller, which are derived from earlier analyses by Hull (1932). They overlap to a great extent the 
models of Lewin (1935), that are, however, dominated in literature by the conflict models of 
Miller (Smith, 1968). It is not necessary to review the literature on the models, because since 
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1968 not much research took place concerning this subject. Three complete reviews on the 
subject are presented by Heilizer (1977a, 1977b, 1978). Heilizer covered all the research 
outcomes concerning the Miller conflict models about assumptions of the models (1977a), 
deductions of the models (1977b) and the approach-avoidance conflict model in relation with 
displacement and behavior modification (1978). 
ASSUMPTIONS OF MILLER'S MODEL 
The four main postulates of the conflict model are: 
A) The tendency to approach a goal is stronger the nearer the subject is to it (gradient of 
approach). 
B) The tendency to avoid a feared stimulus is stronger the nearer the subject is to it (gradient 
of avoidance). 
C) The strength of avoidance increases more rapidly with nearness than does that of approach. 
The gradient of avoidance is steeper than that of approach. 
D) The strength of tendencies to approach or avoid varies directly with the strength of the 
drives upon which the tendencies are based. An increase in drive raises the height of the 
entire gradient. 
The first four postulates are the most important, the following are added to account for some 
special cases and especially postulate F is relevant here being the postulate that determines around 
what point in space or time the conflict point is centered: 
E) Below the asymptote of learning, increasing the number of reinforced trials will increase 
the strength of the response tendency that is reinforced. 
F) When two incompatible responses are in conflict, the stronger one will occur. 
G) In the conflict situation (anticipatory to shock) fear is a learned drive elicited primarily by 
situational cues but hunger is more dependent on internal physiological factors. 
H) The strength of learned drives, like that of other learned responses, varies inversely with 
distance from the point of reinforcement. 
•g 
Ό 
Figure 3.1. Miller's approach-
avoidance conflict model. 
§ NEAR DISTANCE FAR 
The gradients of approach and avoidance are derived from two more basic principles, namely, 
the gradient of reinforcement and the gradient of stimulus generalization (Dollard and Miller, 
1950). According to the gradient of reinforcement, the immediate effects of reward and 
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goal will be more immediately reinforced than approach in response to stimuli farther away from 
the goal, the gradient of reinforcement produces a gradient of approach in the dimension of 
distance in space. The same is true for the gradient of avoidance and for temporal sequences in 
behavior. This explanation is the same as Hull's goal gradient hypothesis (Hull, 1932). 
According to the principle of stimulus generalization, the strongest approach must occur in the 
situation that is most similar to the one in which approach was rewarded, and the strongest 
avoidance should be elicited in the situation most similar to the one in which fear and avoidance 
were reinforced. The cues near the goal are usually more similar to goal cues than to cues farther 
away from the goal, so there is more generalization to cues near the goal than to cues far away 
from it. The gradients may also be applicable to all dimensions of qualitative stimulus similarity. 
Essential for the approach-avoidance conflict model is the intersection of the two gradients as 
postulated in postulate С Miller and Brown made postulate G and H to account for the following 
deduction: 
'Since fear is a learned drive, it will be most strongly aroused by the cues originally most 
closely associated with reinforcement. Therefore, when the subject is confronted with cues at a 
distance, the gradient of reinforcement will have a double effect - it will weaken not only the 
specific responses involved in withdrawal, but also the fear motivating these responses. This 
double effect will cause the gradient of avoidance to fall off rapidly. On the other hand, since the 
hunger motivating approach is more dependent on internal physiological factors, it will be less 
influenced by distance from the point of reinforcement so that its strength will remain relatively 
constant.' 
The reasoning applicable to the situation of stimulus generalization is essentially the same as 
the one above (Miller, 1959, pg 221). The approach gradient is more dependent on intrinsic 
factors (internal physiological factors), while the avoidance gradient is more dependent on 
extrinsic factors (situational cues). The first four postulates (А, В, С and D) are experimentally 
confirmed mainly by Brown (postulate A: approach gradient: Brown, 1942, 1948; postulate B: 
avoidance gradient: Bugelski and Miller, 1938, Brown, 1948, Bugelski and Woodward, 1951); 
postulate C: avoidance steeper than approach: Miller and Murray (1952); postulate D: additivity 
(Kaufman and Miller, 1949, Brown, 1948). However, many modifications are proposed to 
include as many research outcomes as possible: 
a) Parallel gradients by Maher (1964). 
b) Reduction of the number of postulates (А, В and F) by Herkner (1975). 
c) Reduction of the number of postulates (A and B) and changing the resolution postulate F to 
'When two incompatible responses are in conflict, the one with the dominant net 
tendency will occur' (Yelen, 1979, see also chapter Π). 
Concerning postulate С - the greater steepness of the avoidance gradient - Yelen finds that the 
reverse is equally possible, resulting in the avoidance-approach conflict as a fifth basic conflict 
(see also Heilizer, 1964, Epstein, 1978). Although everyone seems to agree about the postulates 
A and B, the research concerning both gradients indicates that all kinds of gradients are found 
especially the inverted U one, which is contradictory to both postulates, because there is no 
monotonie increase in the gradient The conclusions of Heilizer (1977a) concerning research and 
theory on the postulates concerning the response gradients is as follows: 
a) 'Support for Miller's postulate system is equivocal, with considerable support for several 
alternate postulates. A preferred interpretation is that response gradients can assume any 
37 
APPROACH-AVOIDANCE CONFLICT AND SPEED OF CONFLICT RESOLUTION 
degree of steepness or generality as a function of several manipulations and selection 
conditions.' 
b) 'A major unfinished research area deals with the summation hypothesis or, generally, 
specification of principles of combination for response gradients.' 
Not much attention will be given to the specific form of the response gradients, but to the 
principles of combination of response gradients. Especially postulate D concerning the 
summation hypothesis will be emphasized in the experiments described in this chapter. 
PREDICTIONS OF MILLER'S MODEL 
As Heilizer (1977a) concluded there is no firm support for assumptions of the conflict model 
of Miller. His graphic representation, however, has led to many predictions about behavior in 
conflict situations. The question is now how these predictions match the outcomes of 
experimental research. Essential for the predictions or deductions of the model is postulate F, the 
conflict resolution postulate of which nowadays three versions exist: 
A) Miller (1944): the behavior with the strongest tendency will occur. 
B) Maher (1964) with parallel gradients: the behavior with the strongest tendency will occur, 
but only if its strength is a fixed amount greater than the weaker tendency. 
C) Yelen (1979): the behavior with the dominant net strength occurs. 
Deductions from the model based on the postulates are: 
1) The subject should approach part way and then stop. This is the most crucial deduction in 
relation to the speed of conflict resolution: 
a) Far from the goal the subject should approach the goal. 
b) Near to the goal the subject should withdraw from the goal. 
c) Intermediate from the goal the subject should oscillate between approach toward 
and withdrawal from the goal. 
2) Increasing the strength of hunger should cause subjects to approach nearer to the goal. 
3) Increasing the number of reinforced training trials (below the asymptote) should cause 
subjects to approach nearer to the goal. 
4) Increasing the strength of fear should cause the subjects to remain farther away from the 
goal. 
5) Increasing the number of reinforced avoidance trials (below the asymptote) should cause 
the subjects to remain farther away from the goal. 
The next 7 deductions of Miller are based on research by Brown (1948) who measured 
strength of pull of hamessed rats towards or away from the goal after manipulation of parameters 
of food deprivation and parameters of shocks. Deductions based on the theory and on the 
research are mingled. 
6) Subjects placed nearer the end of the alley at which they had received shocks started 
running faster than those placed farther from the shock end. 
7) Approach animals pulled harder when stopped near the goal than they did when stopped far 
from the goal. 
8) Avoidance animals pulled harder when stopped near the goal than when stopped farther 
from the goal. 
9) Distance from the goal reduced the strength of pull of the avoidance animals more than that 
of approach ones. 
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10) Increasing the number of hours of food deprivation increased the strength of pull of the 
approach animals. 
11) Increasing the strength of electric shock increased the height of the gradient of avoidance 
measured by strength of pull. 
12) The gradient of approach should fall off less steeply than that of avoidance. 
In the same way. Miller made a number of deductions concerning his displacement model and 
stimulus generalization, but these are more relevant to therapeutic applications than to the 
research presented in this thesis. Important is that resolution of the spatial conflicts is seen only 
spatially by Miller, and his generalization to the temporal situation and conflict resolution in time 
remains unclear. Although Miller describes his model as a dynamic one it is only dynamic - in his 
words - in a spatial sense. Conflict resolution in the course of time is not worked out well. 
Furthermore, in spatial situations like in a runway always temporal parameters are involved. It is 
therefore necessary to take time into account. 
The conclusion of Heilizer (1977b) concerning the deductions of the approach-avoidance 
conflict model of Miller is: 
a) 'The research is largely supporting of the many deductions that are generated from the 
postulate system.' 
b) The most apparent weakness is the divergence between the conceptual importance of 
oscillation behavior and its limited direct use in research.' 
The occurrence of behavioral oscillations is already emphasized by Miller. However, in 
experiments by Miller and others concerning the outcome of predictions of the model, 
oscillations between approach and avoidance behavior are not often mentioned (Hearst, 1967, 
Siddle and Mangan, 1968). Research concerning the importance of oscillations in an approach-
avoidance conflict will be presented in chapter IV. 
The deductions of the conflict model in relation to the speed of conflict resolution will be 
investigated in particular as well as the existence and the eventual effect of oscillations in 
approach and avoidance behavior and their influence on the speed of conflict resolution. 
BEHAVIOR MODIFICATION AND MILLER'S M O D E L 
Although neglected in many researches, conflict is an essential characteristic of phobia (De 
Mey, 1981). In general, conflict between two incompatible tendencies is the cause of many 
behavioral disorders. The existence of a choice between at least two behaviors is, on the other 
hand, also the basis of behavior modification, in which, for instance, the subdominant behavior 
can be reinforced. So conflict and behavior modification are intimately linked together. 
The deductions of the conflict model of Miller are supported in most cases (Heilizer, 1977b), 
although the postulates are often not supported (Heilizer, 1977a). This is encouraging for the 
present study because the outcome of conflicts after certain manipulations is subject of study, and 
not the exact shape of the underlying gradients. Conflict resolution is of importance for 
therapeutic purposes. In animal literature the research of Murray and Berkun (1955), in which 
displacement (not in ethological sense, but displacement as really leaving the field) and 
desensitization as means of conflict resolution are described, is emphasized. 
Counterconditioning, desensitization and extinction are the major operations in behavior 
modification and sometimes used in animal research (De Mey, 1981). The conclusions of 
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Heilizer (1978), concerning this part of the spin-off of the conflict model of Miller for use in the 
human psychology, are: 
a) 'It is suggested that a lack of operational analysis of approach-avoidance displacement and 
behavior modification is responsible for some confusion about the two areas, has 
retarded developments and conclusions about behavior modification, has contributed to, 
or produced, termination of research on approach-avoidance displacement.' 
b) 'The displacement effect and the extinction effect of displacement are strongly supported.' 
c) Time-delay that is characterized by eating under deprivation in an irrelevant situation does 
appear to produce true therapeutic effects of large magnitude.' 
These conclusions are important because in fact all fundamental research concerning 
approach-avoidance conflict stopped around 1968. Only in pharmacological research conflict 
paradigms are nowadays used (for instance the Geller-Seifter procedure (Geller and Seifter, 
1960) and the Vogel drinking test (Vogel et al., 1971)). Recently approach-avoidance conflict 
reappears in human studies concerning coping behavior (Roth and Cohen, 1986) and in behavior 
studies of fish motivation (Vodegel, 1977). Another important result of Heilizer's analysis is that 
in most cases differences between therapeutic manipulations and extinction on the speed of 
conflict resolution are not found, making the long term effect of therapeutic manipulations rather 
doubtful. Therefore, the emphasis lies not on therapeutic (for instance flooding) studies of 
recovery from conflict, but will focus on the study of genetic and environmental influences on 
later approach-avoidance behavior in conflict situations. 
SHORTCOMINGS OF M I L L E R ' S M O D E L 
Concluding the following shortcomings are found in the Miller conflict model: 
1) Assumptions concerning the gradients are equivocal, especially the form of the gradients 
and the interaction between gradients (summation hypothesis: postulate D; Herkner, 
1975, Maher (1964), Yelen, 1979) 
2) Oscillation behavior is an important deduction of the Miller conflict model, but almost no 
research is done concerning this point. Therefore the real importance of oscillatory 
behavior is not uncovered. 
3) Conflict resolution in the course of time by way of extinction is not less effective than other 
therapeutic manipulations as displacement, desensitization and counterconditioning. 
The approach-avoidance conflict model of Miller has several limitations and a more general 
model of approach-avoidance conflict must be able to account for the following characteristics: 
1) Variable shapes of approach and avoidance gradients: initial hesitation and terminal 
retardation. 
2) No limitations with respect to the slopes of the gradients: for instance, a steeper approach 
gradient than avoidance gradient (avoidance-approach conflict of Heilizer (1964) and 
Epstein (1971). 
3) No limitations with respect to the combination of gradients: for instance, multiplication of 
gradients as an extension of the postulates of Miller. 
4) The model has to be dynamical. 
5) The model has to describe oscillatory behavior. 
A 'psycho-ecological' approach towards the conflict model of Miller is presented by Goude 
(1981). He made an extension of the approach-avoidance conflict model of Miller into a two-
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dimensional space, he included learning and choice behavior and illustrated the model by the 
behavior of rats in an open-field situation. By his model the problem of the Miller model of the 
subject that stops and stays forever at the point of conflict is circumvented. Goude states - in 
discussing postulate С - that the form of the gradients (postulates A, B, and C) and the drive 
level (postulate D) will depend, to a large extent on the individual's choice strategy, and not on 
an intrinsic or extrinsic gradient only that remains stable in time. Although the 'psycho-
ecological' approach of Goude offers interesting alternatives for the conflict model of Miller it is 
too detailed and mathematic for general appeal and use, for instance in a therapeutic context. 
Therefore, a more general model will be presented. 
The 'state-space' approach of motivation (McFarland and Houston, 1981) gives a framework 
for all the specific theories concerning competition, disinhibition, inhibition, time sharing and 
switching in behavior. Here it will be shown that the state-space model can cover the approach-
avoidance conflict model of Miller and gives ample room to all kinds of gradients. The way the 
model is presented here is adapted from the model concerning feeding and drinking by 
Huntingford (1984). 
COMMAND SPACE CUE SPACE 
Figure 3.2. Stale-space model 
of approach-avoidance behavior. 
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Approach and avoidance command space represents variables whose levels can be influenced 
by behavior of the subject itself. Stimuli from the environment that potentially can change 
behavior can be seen as axes of a so-called approach and avoidance cue space. Command space 
and cue space together form the multidimensional approach and avoidance causal factor space. 
Different combinations of causal factors (approach commands and cues, and avoidance 
commands and cues) can produce approach, avoidance or oscillatory behavior. Intervening 
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variables (approach and avoidance) are hypothesized between causal factors and the actual 
behavior. The intervening variable 'approach' is represented in an approach tendency in 
candidate space. The intervening variable 'avoidance' is represented in an avoidance tendency in 
candidate space. The occurrence of approach and/or avoidance behavior can be examined in 
approach-avoidance candidate space whose axes represent the strength of the approach and 
avoidance tendency. The behavioral final common path (McFarland and Sibly, 1975) is the 
decision mechanism that leads to the expression of approach, avoidance or oscillatory behavior 
when oscillations are not prevented by an anti-dithering mechanism (see chapter I). The state-
space approach of approach-avoidance behavior is depicted in figure 3.2 according to the 
example of Huntingford (1984). 
Although the state-space model of motivation is very general and not specific about shapes 
and slopes of behavioral tendencies it covers the shortcomings of the Miller model earlier 
mentioned, especially those mentioned by Maher (1964), Herkner (1975), Yelen (1979) and 
Heilizer (1977a, 1977b and 1978). This model leads the way to the modeling of approach-
avoidance behavior and estimation of parameters in the different substages - for instance the 
indifference functions - by way of simulation of the model with the aid of the feedback of the 
behavior via command and cue space. 
CONFLICT RESOLUTION AND CONFLICT POINT 
In the following experimental section the summation hypothesis, oscillation behavior and the 
effect of having a homebase are investigated in relation to the speed of conflict resolution. 
Therefore, predictions have to be made about the speed of conflict resolution based on the 
gradients of the model. 
Figure 3.3. Conflict resolution 
in Miller's approach-avoidance 
conflict model. By lowering the 
avoidance gradient the conflict 
point moves closer to the goal. 
The approach gradient remains the 
same. 
ь NEAR DISTANCE FAR 
The resolution postulate F and deduction 1 state that in a runway the animal approaches the 
goal and stops at the conflict point where the approach and avoidance tendency are equal. 
According to Miller the animal remains at the conflict point. At that point extinction of fear takes 
place if no reinforcement is given (gradient of reinforcement). Extinction of fear reduces the 
avoidance tendencies at the conflict point and results in an increase in the steepness of the 
avoidance gradient in case of a fixed point at the goal (slope increase; see figure 3.3. arrow al) 
or a decrease in the steepness of the avoidance gradient in case of a fixed starting point (slope 
decrease; see figure 3.3. arrow a2), thus moving the conflict point from 1 to 2, or a lowering of 
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the whole gradient (intercept lower; see figure 3.3 line b), thus moving the conflict point 
progressively closer to the goal from point 1 to 3. 
At the moment when the gradient of avoidance is a vertical line or the whole avoidance 
gradient is below the approach gradient no conflict point is present, so there is no conflict and the 
conflict is solved in complete approach to the goal. The question is now how the animal behaves 
in a conflict situation, for instance in the runway. If the animal is removed from the runway after 
stopping at the conflict point, it will stop nearer to the goal on a subsequent trial (after a new start 
from the starting point). During one long trial the animal moves very slowly to the goal in 
accordance with the amount of fear extinguished through time. When the extinction process is a 
monotonie function of time, it can be deduced that the speed of conflict resolution is reciprocally 
related to the distance from the goal, i.e. when the conflict point is near to the goal the conflict is 
resolved fast, when the conflict point is far from the goal the conflict is resolved slowly (see also 
postulate H). 
EXPERIMENT l. PARALLEL VARIATION IN GRADIENTS AND SPEED OF 
CONFLICT RESOLUTION 
INTRODUCTION 
Postulate D of the conflict model of Miller states that a gradient varies directly with the drive 
on which it is based. If two approach and two avoidance gradients are present, four conflict 
points are found based on the conflict model (figure 3.4). 
In the example shown the points two and three are not discernable concerning the point of 
conflict. However, the 'fear elicited' (Miller, 1959) at point 2 is much larger than at point 3. 
The dynamics of these points of conflict are not described by Miller, so only suggestions can 
be made about the relation between the point of conflict with respect to the goal and the speed of 
conflict resolution, the variable of interest. The most simple assumption is that the speed of 
conflict resolution is reciprocally related to the distance of the point of conflict towards the goal 
(see the introduction for arguments). The following hypotheses emerge: 
1) Animals at point 4 solve the conflict fast. 
2) Animals at point 1 solve the conflict slow. 
3) There is no difference between animals at conflict point 2 and 3, and these animals are 
intermediate with respect to animals at point 1 and point 4. 
By varying the approach and avoidance parameters only main effects of the manipulations are 
to be expected and not the finding of interacdon effects. 
Based on the above assumptions an experiment was designed in which food deprivation and 
shock intensity were varied to induce different conflict points in four groups of animals. 
To induce the conflict Miller (1959) used primary punishment by giving the subjects a foot 
shock at the goal of a runway. Increasing shock intensity made rats stop further from the goal 
(Kaufman and Miller, 1949) in subsequent conflict trials. A paradigm of primary punishment has 
also been used in the Skinnerbox for inducing conflict (Millenson and MacMillan, 1975, Hearst, 
1976). The major differential effects of variation of shock intensity on lever press behavior occur 
within a range of values below 0.85 mA (Boren, Sidman, and Herrnstein, 1959, Annau and 
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Kamin, 1961). The last authors found total suppression of responses in a 0.85, 1.55 and 2.99 
mA groups, no suppression in a 0.28 mA group and intermediate suppression in the 0.49 mA 
group. The effect of different shock intensities in the conditioned punishment paradigm are 
evaluated by De Mey (1981), who investigated the use of three different shock intensities paired 
with a tone-light compound in the Skinnerbox. During the conditioned punishment test 
waterdeprived rats had to hold a lever for 5 seconds for obtaining a water reward, the 
presentation of the compound was contingent on a leverpress. In the test situation the two 
extreme groups (0.5 mA and 2.0 mA) differed significantly in leverhold duration. Both groups 
did not differ from the 1.0 m A group. From a pilot experiment (see figure 2.6 and 2.7) it 
appeared that a shock intensity of 0.5 mA paired with the tone stimulus induced an approach-
avoidance conflict that was solved relatively fast. Therefore, the shock intensity used in this 
experiment was 0.75 mA. 
•β 
о 
Figure 3.4. Miller's conflict 
model illustrating the expectations 
for the point of conflict when 
approach and avoidance parameters 
(intercepts) are varied. 
f NEAR DISTANCE FAR 
Essential is that this experiment is done in the Skinnerbox. Gradients are therefore gradients in 
time and the applicability of the Miller model to such a situation is not really investigated, which 
could mean drawbacks in the comparability with research done in runways. Another difference 
with the research of Miller is that Miller used a primary punishment paradigm and here a 
secondary punishment paradigm is used. 
M E T H O D S 
Subjects 
Subjects were 16 female and 16 male experimentally naive Wistar rats (Wu(SPF63Cpb)), 
bred in our own laboratory from parent rats obtained from the Central Institute for the breeding 
of Laboratory Animals (TNO), Zeist, the Netherlands. Female weights ranged from 192-244 
gms at the start of the experiment, males weighed from 330-387 gms. Subjects were housed 
individually in macrolon cages and had free access to water. They were housed in a stockroom 
adjacent to the experimental room on a reversed light/dark cycle with lights off at 8.00 a.m. and 
lights on at 8.00 p.m. Training and testing occurred during the dark period under dim red light. 
Subjects were initially fooddeprived at 88% of their predeprivation free-feeding weights. 
Apparatus 
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Procedure 
The procedure for training and testing is described in the general procedures of chapter II. The 
following deviations were applied. After CRF training the deprivation weights were corrected for 
growth by an increase of 1 gm in two days. Subjects were matched according to baseline 
approach performance and allocated to four groups of 8 animals (four of each sex). In aversive 
training the CS-presentation was a 5-second tone followed by a shock of 0.75 mA (0.75mA 
group) or 2.0 mA (2.00mA group) with a duration of 0.5 seconds. After two days of recovery 
training two groups were food deprived at 84% of their recalculated ad lib weight (with respect to 
the growth correction) - the 84% groups -, the two other groups to 92% of their recalculated 
freefeeding weights - the 92% groups -, thus creating a crossed three factonal design with the 
factors Deprivation and Shock intensity and Sex with two levels each. After stabilization of the 
weights three recovery sessions were given. Conditioned punishment sessions consisted of 20 
daily sessions of 15 min duration. 
RESULTS 
In two of the eight operant conditioning boxes the shock scrambler had failed to produce the 
intended shock intensity. Thus, 8 subjects had to be discarded from the experiment. This resulted 
in an unbalanced design with respect to the sex of the animals. In each group 4 animals of one 
sex and 2 animals of the opposite sex were present. Since no interaction or main effects with 
respect to the factor Sex have been found on any of the dependent variables, further analysis is 
done with the two factors, amount of Deprivation and intensity of Shock, omitting the factor 
Sex. 
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Figure 3.5 Goal latency during 
approach, first recovery, baseline 
recovery and conditioned 
punishment test dependent on 
different deprivation and shock 
levels. 
92%-0.75mA 92%-2 00mA 84%-0 75mA 84%-2 00mA 
DEPRIVATION - SHOCK 
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No significant main or interaction effects are found on any of the dependent variables in the 
two-factorial analysis of variance (table 3.1 and figure 3.5). However, analysis of variance with 
a priori contrasts based on the hypotheses (1, 2 and 3) according to the conflict model shows a 
significant difference between the 0.75 mA and 2.00mA groups that are on a 84% schedule (Τ-
value = -2.20, df=20 --> p=0.04). Furthermore, the 92%-0.75mA and 92%-2.00mA groups 
were marginally significantly different from the 84%-0.75mA group (T-value=-1.784, df=20, 
p=0.090 and T-value=-1.787, df=20, p=0.089 respectively). 
For more detailed analysis the total duration of the leverholds per session in seconds is 
analyzed. The results of the ANOVA show that on the first four conditioned punishment test 
days the interaction between Deprivation level and Shock intensity reached significance 
(Fdayl=4.28, Fday2=3.68, Fday3=3.07 and Fday4=3.27, df=l,20, all p<0.10), indicating the 
possibility of an interaction-effect. The Shock main effect is not present on any day. A 
Deprivation main effect is found on day 1, 2, 3, 8 and 9 (Fdayl=7.71, Fday2=7.15, 
Fday3=5.89, Fday8=7.25 and Fday9=7.45, df=l,20, all p<0.05). Duncan post-hoc 
comparisons revealed significant differences between the group 84%-0.75mA and the group 
92%-2.00mA on day 1 and day 2, and between the 84%-0.75mA group and the group 84%-
2.00mA on day 1, 2, 3,4, and 8. This indicates a stronger effect of the factors in the beginning 
of testing compared to the later sessions, thus masking the effects of the factors on the speed of 
conflict resolution, that is calculated over all 20 conditioned punishment test days. The effect is 
mainly a Shock effect present in the 84% groups. This effect is illustrated in the survival graph of 
figure 3.6. Comparison of the survival curves using the Lee-Desu statistic shows a significant 
difference between the 0.75mA and 2.00mA group at 84% food Deprivation (d=5.026, df=l, 
p=0.025), while the difference between the 92% and 84% group with the 0.75niA intensity 
reached significance (d=3.23, df=l, p=0.072). 
Figure 3.6. Survival graph of 
the rats still in conflict in the 
course of conditioned punishment 
tests, dependent on the deprivation 
and the shock level. 
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SESSION IN CONFLICT 
D I S C U S S I O N 
In the Skinnerbox the summation hypothesis (heterogeneous summation of strength of causal 
factors) of Miller (postulate 4) is investigated by manipulation of the approach tendency by the 
amount of food deprivation and the avoidance tendency by the amount of shock administered to 
the subject. It is investigated whether the predicted conflict point is related with the speed of 
46 
CHAPTER III. MILLER'S CONFLICT MODEL 
conflict resolution. The results were ambiguous, because the summation hypothesis is only 
present in the high approach situation. 
The results show that the animals in this experiment are extremely slow and variable 
concerning their speed of conflict resolution. Initial effects are masked in the course of the 
conflict by factors presently not known. Hypothesis 1 is partially confirmed in that group 4 is 
significantly faster in conflict resolution than group 3. No differences are found between between 
group 1, 2 and 3. This may be an indication of interaction between the parameters. Especially the 
results of the survival analysis point in this direction. Under a 92% schedule no effect of the 
different shocks is found. Still most animals solve the conflict, but maybe more by random 
activity than based on the approach and avoidance parameters induced. The method of food 
deprivation for inducing different approach tendencies in the animals produces not entirely the 
results as expected. This finding could be due to the fact that the summation of causal factors - as 
is stated in postulate D of Miller - is not correct. On the other hand the method of food 
deprivation is for instance criticized by Collier and Rovée-Collier (1983). They state that 
bodyweight is a strategy and not a measure of motivation. It is possible that the subjects adapt to 
the different food deprivation schedules and are not different in approach motivation. Another 
factor of importance could be the total number of sessions necessary to recover from conflict. 
Heilizer (1978) concludes that 'time-delay does appear to produce true therapeutic effects of large 
magnitude' in the recovery from conflict. Time-delay is characterized by eating under deprivation 
in an irrelevant situation as is the case in the experiment presented here. The mere duration of the 
experiment could recover animals from conflict and this could at least partly explain the fact that 
no clear support for the summation hypothesis of Miller is found. 
Firm conclusions about the predictions of the model are not possible for the speed of conflict 
resolution. The occurrence of oscillations in behavior is confirmed in leverholds. At first no 
oscillations are seen, but just before conflict resolution many oscillations take place (for 
illustration see figure 2.1e and f)· 
EXPERIMENT 2. NON-PARALLEL VARIATION IN GRADIENTS AND 
SPEED OF CONFLICT RESOLUTION 
INTRODUCTION 
The conflict model of Miller is based on internally fixed gradients learned by prior experience 
in the test apparatus. In this experiment the effect of the presence or absence of positive goal cues 
is investigated together with the effect of different steepnesses of the avoidance gradient. In fact, 
this experiment is a variant of the previous one, because here, too, both approach as well as 
avoidance gradient are varied, but now the slopes of the lines are varied and not the intercepts. 
Variation in drive-level (command or intrinsic gradient; shock strength paired previously with the 
CS or amount of deprivation) results in different intercepts of the gradients (postulate D of 
Miller, 1959). Variation in incentive-level (cue or extrinsic gradient) results in different slopes of 
the gradients. Furthermore, there is a difference in the test apparatus. Here the Runway II is used 
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whereas in the previous experiment the Skinnerbox is used. The effect of these variations on the 
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Figure 3.7. Miller's conflict 
model illustrating the expectations 
for the point of conflict when the 
approach and avoidance slopes are 
varied. 
In this experiment the reinforcer of the approach behavior is sexual behavior, another 
reinforcer than in the previous experiment. Sexual behavior, which is normally a reinforcer for 
laboratory raised rats (at least for males; Beach and Jordan, 1956) could be performed in the 
goalbox. Especially mount intromissions are reinforcing (see for details experiment 5). The 
purpose was to manipulate the presence or absence of goal cues, so in this conflict test for half of 
the males a stimulus female was present in the goalbox as she was during the training phases, in 
the other half no stimulus female was present. A small entrance separated alley and goalbox, so 
the stimulus female could be seen only from a short distance. Other cues as movements and smell 
could be used as signals for the presence of a female in the goalbox. The nearer the male is to the 
goalbox, the more cues are received, thus progressively increasing the approach gradient. The 
steepness of the avoidance gradient is manipulated by presentation of the aversive stimulus in the 
goal or before the goal keeping the shock intensity constant. The hypothesis investigated in this 
experiment is that there is a ordered sequence from fast conflict resolvers to slow conflict 
resol vers from conflict point 4,3,2 to 1. 
M E T H O D S 
Subjects 
Subjects were 20 male Wistar rats (Wu(SPF63Cpb)), purchased from the Central Institute for 
the breeding of Laboratory Animals (TNO), Zeist, the Netherlands. They were three months of 
age at the beginning of the experiment, and were kept on a day/night cycle schedule with lights 
off at 12:00 a.m. and lights on at 24.00 p.m. They were trained and tested from 13:00 till 18:00 
hrs. The male experimental subjects were tested for sexual behavior with stimulus females. 
These stimulus females were brought in estrus by 25 μg estradiol subcutaneous injected 
approximately 52 hrs before testing and 500 μg progesterone subcutaneous injected 
approximately 4 hrs before testing. Stimulus females were behaviorally tested concerning their 
darting behavior just prior to their role as reinforcer. 
Apparatus 
The test apparatus was the runway Π configuration. In short, it was an alley of 265 cms. The 
goalbox was 50x25.5x40 cms. In the goalbox a stimulus female was tethered by a cord with a 
spring to keep the cord in light tension to the end of the goalbox. The stimulus female had a 
permanent neck collar made of iron wire covered with a plastic tube and a fixed ring to attach the 
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cord. This construction was harmless; some animals wore the neckcollar for more than half a 
year, when housed alone. 
Procedure 
The subjects were first given an open-field test on 4 consecutive days (5 minutes per test). 
Habituation to the alley took place on the following three consecutive days (5 minutes per day). 
Goalbox training consisted of a 5-min confrontation with a tethered stimulus female in estnis 
until the experimental male had attained at least one mount intromission. Approach training 
consisted of a 10-min confrontation with the stimulus female in the goalbox, and not, as usual, 
of a standard number of approach trials. After releasing the startbox door the male could walk 
and run freely through the alley and copulate for 10 minutes in the goalbox without experimental 
interruption. The sexual behavior and other runway behavior were recorded. Approach training 
was given on two consecutive days. The 20 males were matched according to their approach 
training performance and divided in two groups. One group received their aversive training in the 
goalbox, the other group in the second half of the runway. Shock sessions lasted for 10 minutes. 
8 CS-UCS/light-shock pairings were given at 1, 2.5, 3, 4, 4.5, 6, 7.5 and 8 minutes after the 
beginning of the session. The CS was a flashing light with a period of 0.4 second and a duration 
of 10 seconds. UCS was a shock of 1.0 mA of 0.5 second duration. Subjects received a number 
of recovery trials dependent on their goal latency and sexual performance. After matching groups 
according to their latency to reach the goalbox, one recovery session was given to all animals on 
the same day, called baseline recovery session. Two groups of subjects were allocated to one of 
the two conditioned punishment test conditions with or without a stimulus female in the goalbox. 
The animals were tested in four groups, based on the two different groups in the shocksession 
and on the presence or absence of a stimulus female during the conditioned punishment test: 
1) Aversive light contingent on forward movement in the second half of the runway - stimulus 
female present in the goalbox (Alley-Female). 
2) Aversive light contingent on forward movement in the second half of the runway - no 
stimulus female in the goalbox (Alley-Empty). 
3) Aversive light contingent on goalbox entrance - stimulus female present in the goalbox 
(Goal-Female) 
4) Aversive light contingent on goalbox entrance - no stimulus female in the goalbox (Goal-
Empty) 
RESULTS 
No differences were found between the four groups in baseline approach and baseline 
recovery (recovery2) training (table 3.2). All animals received 6 conditioned punishment conflict 
test trials on 6 consecutive days. Only two males had by then not reached the goalbox and 
received eventually a total of 11 and 14 test trials until they reached the goalbox. In conditioned 
punishment testing very strong main effects were found on the goal latency (figure 3.8). 
The males that received the aversive CS halfway the runway are much slower in finally 
reaching the goal (F=16.73, p=0.001). The presence of a stimulus female increases significandy 
the speed of conflict resolution (F=15.04, p=0.001). The effect of delivering shocks in the 
goalbox or in the runway is significant in the first recovery trial (F=16.03, p=0.001); goal 
shocked males reach faster the goalbox than runway shocked males. The stepdown test indicates 
that this effect is fully represented in the CS-presentation during conditioned punishment testing. 
It was striking that the Goal-Female group showed no oscillatory behavior, i.e. upon 
presentation of the aversive light they proceeded towards the stimulus female and did not return 
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to the startbox as did all animals of the other groups. Thus oscillation behavior was apparent in 
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For illustration the survival curve of conflict animals is presented in figure 3.9. The Goal-
Female group differed significantly from the three other groups (Goal-Female vs Goal-Empty: 
Lee-Desu=6.818 --> p=0.009; Goal-Female vs Alley-Female: Lee-Desu=5.771 --> p=0.016; 










Figure 3.9 Survival graph of 
the number of rats in conflict in 
the course of the conditioned 
punishment test, dependent on the 
presence or absence of a stimulus 
female in the goalbox and the place 
where the animal is shocked in the 
shock session. 
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Also Goal-Empty and Alley-Empty differed significantly (Lee-Desu=3.938 —> 0.047), in that 
the Goal-Empty group was faster than the Alley-Empty group; when no stimulus female was 
present the group with aversive light presentation in the goalbox was still faster in conflict 
resolution. 
In this experiment an other training procedure was used than in preceding experiments in 
which animals were trained in massed trials. Animals had a fixed training duration (see 
experiment 5 and 6). During training they could perform sexual behavior. Although all males 
copulated in the goalbox, there were apparent individual differences. Therefore the latency data 
are analyzed with the number of mounts plus mount intromissions in the goalbox during baseline 
approach, baseline recovery and first recovery as covariates (table 3.3). The dependent variables 
are the latency to the presentation of the first CS during conditioned punishment and the latency 
to reach the goal. Although the baseline recovery data concerning the goal latency showed no 
difference between the groups a significant effect in CS-latency is found, indicating a still present 
effect of shock. No effect of the absence or presence of the stimulus female is found in this stage 
of the conditioned punishment test. The results for the goal latency are comparable with earlier 
findings, but the significant regression found in both analyses indicates that the number of 
mounts experienced preceding the testing plays a significant role in the speed of conflict 
resolution. The significant regression is mainly attributable to the relation between the number of 
mounts during the baseline recovery (the day before the test) and both latencies. 
TABLE 3.3. Number of mounts during training in relation with CS-latency and goal latency during conditioned 
punishment. Significant regression due to the relation between CS and goal latency and the number of mounts 
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DISCUSSION 
While in experiment 1 the slopes between the gradients are supposed to be parallel, the slopes 
in this experiment in the runway are manipulated to investigate the relation between presumed 
conflict point and the speed of conflict resolution. The effect of varying the steepness of the 
avoidance gradient and the presence or absence of goal cues - and thus the slope of the approach 
gradient - on the speed of conflict resolution were under investigation. This was another 
approach to the additivity problem presented in experiment 1. Combining the approach and the 
avoidance gradient for determination of the conflict point results in four distinct conflict points 
for the four experimental groups. The existence of a relation between the point of conflict and the 
speed of conflict resolution is confirmed. A conflict point close to the goal is related to fast 
conflict resolution, a conflict point far from the goal with slow conflict resolution. 
The results of the first recovery session after the shock session indicate that the steepness of 
the avoidance gradient is successfully manipulated at least concerning the fear conditioned to the 
apparatus cues, i.e. in the group shocked in the goalbox no fear is conditioned to cues in the 
second half of the runway. Their conflict point is nearer to the goalbox, resulting in a shorter 
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latency to reach the goalbox. This finding is in agreement with the considerations presented in the 
chapter introduction concerning the relation between conflict point and speed of conflict 
resolution. The same difference between goal shocked and alley shocked animals is found in the 
conditioned punishment conflict test as a result of presenting the conditioned aversive light. The 
sequence in the speed of conflict resolution satisfies the hypothesis. The difference between the 
group at conflict point 2 and the group at conflict point 3 is, however, not significant. The only 
way to discriminate between the hypothesis of the previous experiment and this experiment was 
by finding a difference between these two groups. 
The relation between the number of mount/intromissions and the speed of conflict resolution 
is supporting postulate E, that states that below the asymptote of leairiing a higher number of 
reinforced trials will increase the response tendency that is reinforced, meaning that more 
mount/intromissions are related with a shorter goal latency. 
Concerning oscillation behavior the following remarks can be made: in the Goal-Female group 
no large oscillations in behavior were seen, i.e. no return to the startbox after presentation of the 
aversive light. In the other groups all animals returned to the startbox and approached the goal 
again after a certain time-delay. Oscillations in behavior seem to slow down the speed of conflict 
resolution, but are on the other hand maybe needed for an 'approach' resolution of the conflict. 
The startbox seems to be of importance for the animals in regaining again approach behavior in 
the course of time. The importance of the homebase for conflict resolution will be investigated in 
the next experiment. 
EXPERIMENT 3 . HOMEBASE AND SPEED OF CONFLICT RESOLUTION 
INTRODUCTION 
Miller defines his approach-avoidance conflict model unipolar, i.e. all gradients exist with 
respect to the goal. However, in all situations a subject has a point of departure - a kind of 
homebase - from where the conflict is approached. The importance of such a homebase has never 
been investigated, although in the previous experiment the importance of a homebase seemed to 
be prevalent for performing oscillations in behavior which lead eventually to the resolution of the 
conflict by reaching the goal. In experiment 2 the goal shocked group with stimulus female 
showed no large oscillations in behavior, i.e. no return to the startbox after presentation of the 
aversive light. In the other groups all animals returned to the startbox and approached the goal for 
a second time after a short delay. Oscillations in behavior seem to slow down the speed of 
conflict resolution. Furthermore, the startbox seems to be important for the animals in regaining 
again approach behavior in the course of time. Also parallels with the attachment model of 
Bowlby (1969) can be found in which exploration of the environment is done departing from the 
attached person (Homebase). Therefore, the reality of a bipolar approach-avoidance conflict 
model is investigated by manipulating the significance of the starting point towards the goal in the 
first conflict test. The reinforcer for approach behavior is a mount/intromission with a stimulus 
animal in the goalbox (see for details of the reinforcing properties of sexual behavior the 
introduction of experiment 5). 
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M E T H O D S 
Subjects 
Subjects were 10 female and 10 male Wistar rats, purchased from the Central Institute for the 
breeding of Laboratory Animals (TNO), Zeist, the Netherlands. All females and two males were 
experimentally naive at the beginning of the experiment. The other 8 males had been engaged in 
another test without procedures like the ones in this experiment. All subjects were approximately 
5 months of age. Females were ovariectomized one month prior to experimentation. They were 
brought in estrus by 50 μgm estradiol and 500 μgm progesterone in 0.1 ml olive oil 
subcutaneously injected respectively 52 and 4 hrs prior to training and testing. Stimulus animals 
were allocated from a trained stock of 14 ovariectomized females and 10 stud males. 
Apparatus 
The apparatus was the runway II configuration. In this experiment the stimulus animals were 
not tethered in the goalbox. The goalbox consisted of two compartments. These goalbox 
compartments could contain a transport box each. 
Procedure 
Open-field tests were given on four consecutive days (5 minutes per day), followed by 
habituation (10 mins per day) on some other four consecutive days. Goalbox training consisted 
of 5-min confrontation with a sexual active stimulus animal in the homecage, followed by 5 mins 
with the same stimulus animal in the goalbox, until in both situations at least one 
mount/intromission was observed. Approach training consisted of 5 trials per session. Upon 
arrival in the first goal compartment the goalbox door was closed and the door to the second goal 
compartment was opened, allowing contact between stimulus and experimental animal. The goal 
latency and the mount/intromission latency were registered. After mount intromission the trial 
was ended. The goal compartment containing the experimental animal was again placed in the 
staitbox. The transport box with the stimulus animal was, if necessary placed in the second goal 
compartment. After recovery the animals were matched according to their goal latencies. The 
conditioned punishment test differed from the procedure earlier described. On the first test trial 
the subject was placed in the startbox and remained there for 15 mins, until the startbox door was 
opened. When the subject ran back to the startbox after the first CS-presentation, the startbox 
door was closed for the 'Homebase absent' group, and half closed and again opened for the 
'Homebase present' group, delivering equal sound stimulation to both groups. The staitbox door 
remained open - 'Home(base) present' group - or closed - 'Home(base) absent' group - during 
the remaining trial time. On subsequent test trials on following days both groups were tested as 
described in general procedures. 
RESULTS 
A number of subjects failed to reach the test phase of the experiment. Five males performed 
no sexual behavior at all during goalbox training. One female and one male failed to run to a 
partner in approach training. One female remained freezing in the startbox during several 
recovery trainings. So there were two males and four females in each group left during the test 
phase of the experiment 
Analysis of variance revealed a significant effect of the factor Homebase (table 3.4). Animals 
without a homebase in the first test trial had a significant slower speed of conflict resolution, 
compared to the animals with the homebase (fig.3.10). It appears that during the baseline 
approach the latency to reach the goalbox is also significantly different concerning the factor 
Homebase, although it has not much effect on the outcome during conditioned punishment 
testing. Elimination of the factor Sex - no interaction or main effect of this factor is found -
reveals a Fstep for conditioned punishment testing of 5.48 (p=0.058). Most other variables 
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measured during testing revealed no specific sex differences: the same latency to reach the first 
CS-presentation, the same mount latency after conflict resolution. Only the total duration of CS-
presentations before conflict resolution was significantly different between the two sexes 
(geometric means: males 19.50 seconds and females 33.11 seconds, F=6.74, p=0.032). This 
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TABLE 3.4. The effect of the omission of the startbox as a homebase during the first 
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Figure 3.11. Survival graph of 
the number of rats in conflict in 
the course of the conditioned 
punishment test, dependent on the 
presence or absence of a homebase. 
Males and females are pooled. 
The difference between the 'Homebase present' and 'Homebase absent' groups is illustrated 
in figure 3.10 and figure 3.11. Survival analysis showed that the 'Homebase present' solved the 
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approach-avoidance conflict significantly faster than the 'Homebase absent' group (Lee-Desu 
statistic = 4.33, df=l, p=.037). 
In this experiment the number of reinforcers (mount intromissions) differed not between 
individuals. However, mount latency may be related to the reinforcing effect of the subsequent 
mounts. The effect of mount latency in baseline approach and baseline recovery on CS-latency 
and goal latency in conditioned punishment testing is analyzed by way of an analysis of 
covariance (table 3.5, comparable with the analysis of covariance in experiment 2). 
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.09 .914 .05 .834 
1.04 .397 7.83· .023 
Mount latency during approach and recovery. The CS and goal latencies are 
lOlog transformed. 
No relation is found between the mount latencies and the latency to reach the second half of 
the runway or the goal. 
DISCUSSION 
The unipolarity of Millers conflict model is investigated in an experiment in the runway by 
manipulating the availability of a homebase in the first phase of the conflict. This was done by 
closing the door behind the animal during its first conflict test. The speed of conflict resolution 
for animals with and without closed door is compared. No subject solved the conflict in the first 
test session during which the difference between the groups was established. From conflict 
session 2 the conditions for both groups were the same. The results show that the 'Homebase 
present' group solved the conflict faster than the 'Homebase absent' group. The subjects without 
homebase in the first test were slower in eventually reaching the goal than animals which had a 
homebase during their first conflict experience. The results favor the approach of Worell (1967), 
who states that the one goal approach-avoidance conflict is in fact a special case of the double 
approach-avoidance conflict (with the homebase as a second goal). No relation is found between 
the mount latencies and the latency to reach the second half of the runway or the goal, contrary to 
the same analysis in experiment 5 in which the mount frequencies recorded in the baseline 
recovery were related to the speed of conflict resolution. The number of reinforcers during 
training are important for the strength of approach, the latency to consummate the reinforcer 
appears to be less importanL 
In the first conflict test session a difference in approach or avoidance tendencies is induced by 
closing the startbox door (Homebase). A number of explanations can be given for the increase in 
goal latency: 
a) The avoidance gradient towards the goal is heightened by closing the startbox door, which 
seems not very plausible. 
b) The approach gradient towards the goal is lowered by closing the startbox door, which 
seems not very likely too. 
c) The homebase serves as a displacement possibility (Murray and Berkun, 1955) that should 
increase the speed of conflict resolution. By closing the startbox door animals are 
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prevented to perform 'displacement behavior' (to retreat from the conflict point) and 
thus are slower in resolution of the approach-avoidance conflict. Displacement into the 
startbox is, however, hard to explain on base of the conflict model of Miller. The 
approach gradient must be flat and the avoidance gradient very steep - thus not present 
in the first part of the runway - resulting in a very large and long 'Homebase' (from 
startbox to conflict point). Another possibility is that animals do not behave exactly as 
predicted by the model, for instance that when the approach tendency is stronger than 
the avoidance tendency subjects are able to approach the goal, but do not need to. Based 
on this reasoning still a unipolar conflict model and explain the data by the addition of 
displacement to the homebase. 
d) The finding that time-delay in an irrelevant situation produces therapeutic effects (Heilizer, 
1978) supports the displacement explanation. If the homebase is different enough from 
the conflict situation the mere sitting in the homebase produces true therapeutic effects. 
This effect is, however, hard to explain in terms of changed gradients. 
e) There exists a double approach-avoidance conflict in the runway with the startbox being the 
second goal. The startbox acquires a low approach and a low avoidance gradient in the 
course of the approach training and recovery training. During the conflict test the 
approach gradients towards the startbox is getting higher, because the homebase is a 
hiding-place ('hide') for the subject from the conflict and from which the conflict in the 
alley is solved. When the return to the desired goal ( = startbox after the first 
confrontation with the aversive light) is prohibited the approach tendency to the 
homebase is even more raised. This results in longer stays in the homebase during 
subsequent conflict trials and thus a slower speed of conflict resolution. 
The last possibility seems the most appropriate for explanation of the Homebase effect. It 
gives evidence in favor of the approach of Worell (1967), who states that all conflict types are 
special cases of the double approach-avoidance conflict. During conflict resolution the homebase 
is probably a safe place (a 'hide') for the animal in conflict. From the homebase it can explore 
slowly the environment, until it is again confronted with aversive stimulation. The result is some 
extinction of the aversive properties of the aversive stimulus and a sudden retreat in the 
homebase. The resulting oscillatory behavior is necessary for resolution of the conflict when the 
conflict point is far from the goal. In case the conflict point is near to the goal maybe no 
oscillatory behavior is necessary for conflict resolution (see the goal shocked group with a 
stimulus female in experiment 2). 
CHAPTER SUMMARY AND DISCUSSION 
In psychology a number of conflict models are used in relation with behavior. The approach-
avoidance conflict model of Miller (1944,1959) is the most important and is used to explain rat 
runway behavior but is also used to model human behavior modification. This chapter concerns 
the Miller conflict model. The assumptions and the predictions of the model are discussed. It is 
found that the assumption of the summation of approach and avoidance gradient are equivocal, 
that oscillation is an important feature of the model, but it is nonetheless not much used in 
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research, and that conflict resolution in the course of time by way of extinction is as effective as 
any therapeutic intervention. In this chapter two subjects related to the model are investigated. 
The summation hypothesis of Miller's model (postulate D) supposes complete additivity of the 
strengths of the approach and avoidance gradients to determine the point of conflict (the point 
where the subject stops in the runway). It is investigated whether the point of conflict is related to 
the speed of conflict resolution and whether the additivity postulate, which is designed to account 
for the gradients, holds for the speed of conflict resolution. In the Skinnerbox this is investigated 
by varying the approach component by the amount of hunger of the subject and the avoidance 
component by varying the shock intensity that was previously associated with the aversive 
stimulus. The results are suggestive for a deviation of the summation hypothesis for the speed of 
conflict resolution. A high approach gradient and a low avoidance gradient show the expected 
high speed of conflict resolution, but a high avoidance gradient and a low approach gradient do 
not result in the expected extreme slow conflict resolution or even phobic behavior. Eventually 
almost all subjects solve the approach-avoidance conflict. The most hungry and the less shocked 
group reached the goal the quickest - as is expected -, but no differences are found in the other 
groups. This points to an interaction effect that is not accounted for in the conflict model of 
Miller. 
Whereas in the Skinnerbox the approach and avoidance component are varied parallel to each 
other, in the runway a comparable experiment is done in which the slopes of the approach and 
avoidance gradient are varied. In this experiment the relation between the points of conflict and 
the speed of conflict resolution seem to fit better than in the Skinnerbox experiment. Because of 
the different slopes of the gradients the summation hypothesis could not be tested in this 
experiment, although combining the gradients seems to be allowed. 
The second point investigated in this chapter concerns the polarity of the approach-avoidance 
conflict model of Miller. Miller defines his model unipolar, i.e. only in relation with the goal. 
The starting point of a subject in conflict is completely omitted from his analysis. However, in 
his experiments done to investigate the assumptions of the model and its gradients, subjects are 
started and trained from a startbox in the runway. The behavior of the animals in such a situation 
points to an important role of the starting point for the eventual resolution of the conflict. During 
conflict resolution the subject oscillate between the starting point and the conflict point, which 
moves further towards the goal while oscillating. 
The influence of the presence of a homebase on the behavior of the subjects in an approach-
avoidance conflict must be important for the speed of conflict resolution. It is investigated 
whether an approach-avoidance conflict model has to take into account the homebase - the 
starting point of the subject with respect to the goal. The value of this homebase could be 
expressed as the sum of experiences of the subject with the training paradigm in particular, but 
also with the earlier experience of the animal for instance its rearing conditions. In a simple 
experiment the presence of the homebase was manipulated by closing the door of the homebase 
during the first conflict test after the animal had left it on its way to the goal. All animals returned 
to their home, but animals that arrived at a closed door in the first test needed more time to solve 
the approach-avoidance conflict. This result emphasizes the importance of a homebase in a 
conflict situation. A reformulation of the Miller model is not attempted, because only speculation 
is possible about the underlying gradients. No attempt is made to change the model of Miller, but 
it is stressed that in experimental and natural situations always a double approach-avoidance 
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conflict is present, one with respect to the goal and one with respect to the homebase. It is likely 
that in all runway test situations there is a double approach-avoidance conflict with two goals 
instead of a single approach-avoidance conflict towards one goal. The single goal approach-
avoidance conflict model can be seen as describing a vacuum conflict. 
Oscillations between conflict point and homebase are frequently recorded in the second 
experiment. However, no oscillations occurred in the Goal-Female group. Oscillatory behavior 
of the animal in a conflict situation seems to be important to confront the animal during short 
episodes with the aversive event or signal. The oscillatory part of behavior is necessary to 
overcome the point of conflict and not to stay forever in the runway or Skinnerbox at the point of 
conflict. The homebase seems to be the fixed starting point of the large oscillations and is a 
determining factor in the speed of conflict resolution. The importance of small oscillations in 
behavior will be investigated in the next chapter. 
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CHAPTER IV. SOCIAL ISOLATION AND OSCILLATION 
CHAPTER INTRODUCTION 
In the description of the approach-avoidance conflict model of Miller (1944) the occurrence of 
behavioral oscillations at the point of conflict are emphasized. The point of conflict is 
incorporated in the model, although the behavioral oscillations are not. In chapter ΙΠ the conflict 
point of the conflict model of Miller is related to the speed of conflict resolution. The latency to 
reach the goal as the measure for the speed of conflict resolution describes the total time spent in 
conflict. Behavioral oscillations maybe important in accelerating or decelerating, or even 
randomizing the resolution process by introduction of a chance process. Hull (1943) was the first 
to incorporate the probabilistic character of behavior into the formulas in his behavior system. He 
stated that the great amount of variation in behavior found in experiments is caused by an 
oscillatory mechanism. The behavior system of Hull is, however, not able to account for 
oscillatory features of Miller's conflict model (Goude, 1981, Nakagawa, 1987). Apart from the 
theoretical importance of oscillations the existence and the nature of oscillations in behavior are 
emphasized and studied in more detail in this chapter. 
In the conflict model it is assumed that oscillations are developed when approach and 
avoidance tendencies are equally strong, a situation where in nature often displacement activities 
are found In the learning situation in the runway Miller made already observations on oscillatory 
behavior and made a number of deductions on the basis of his observations. 
The deductions from the conflict model of Miller in which oscillation plays a major role are: 
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1) Oscillation should occur at equal response competition (at the point of conflict). 
2) The oscillation at equal response competition should be characterized by a mixture of faster 
withdrawals and slower approaches. 
3) The oscillation at equal response competition should be characterized by emotion or fear. 
4) Equal response competition at a high level should produce more and more vigorous 
oscillation and more emotion or fear, as compared to response competition at a low 
level. 
5) A lowered avoidance gradient or a raised approach gradient produce more extensive 
oscillations. 
Heilizer (1977b) stresses the importance of oscillations and he states in the summary of his 
extensive review concerning Miller's response competition model: 
'The most apparent weakness is the divergence between the conceptual importance of 
oscillation behavior and its limited direct use in research.' 
In this chapter it is tried to incorporate the registration of oscillations and the effect of the 
occurrence of these oscillations on the speed of conflict resolution in the runway. In the runway 
two types of oscillations can be discerned: 
1) Small oscillations (of small amplitude and short duration): 
a) To and fro movements at the point of conflict. 
b) Locomotor-rotational movements. 
2) Large oscillations (of large amplitude and long duration), i.e. movements between the 
homebase (startbox) and the defined point of conflict where the animal stops: 
a) Large oscillations between homebase and the point of conflict in the first half of 
the runway (without the presentation of a CS). 
b) Large oscillations between homebase and the point of conflict in the second half of 
the runway (with the presentation of a CS). 
GOAL 
Figure 4.1. An example palh 
of a rat in the runway during a 
conflict session. The subject runs 
from the slartbox to the goalbox. 
On arriving in the second half of 
the runway the avcrsive light 
appears conungent on forward 
movement. The subject stops and 
retreats in the startbox. After a 
certain tune the approach behavior 
is resumed and the animal is again 
confronted with the flashing light. 
The light is, however, not 
followed by shock, so extinction 
takes place. In the end the animal 
reaches the goal after a certain 
amount of large oscillations 
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Oscillations of small amplitude were found as to and fro movements at the point of conflict. 
When the rat had learned that at a certain point in the middle of the runway a light came on when 
it moved forward, mainly 'stretched attention' and oscillatory behavior occurred. Other small 
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oscillations were the so-called locomotor-rotational movements (Pellis and Pellis, 1983). These 
behavioral oscillations resembled those locomotor-rotational movements performed in play 
behavior during juvenile stages and are often followed by a change in direction of behavior. In 
the runway a number of special cases of this behavior are seen when a subject was in conflict. 
After a rat was confronted with the aversive stimulus it occurred a number of times that it 
retreated towards the startbox running on three legs and scratching its back with the fourth or 
even scratching the back with the two hindlegs and pulling itself to the homebase with the 
forelegs. Also rearing during running occurred leading to falling over. This kind of oscillations 
occurred especially after a long slow tense approach towards the place where the aversive light 
was presented. They could be interpreted as displacement activities or the consequence of sudden 
dearousal (Delius, 1967), disinhibiting especially the grooming activities. 
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Figure 4.2a. Large oscillations 
in the runway of socio-reared male 
7 from expenment 4. The conflict 
is solved in the first conditioned 
punishment session. Phase in 
conflict is the total summalion of 
all conditioned punishment 
sessions until the conflict is solved 
recalculated to a total of 10. 
Also large oscillations were found in the form of movements between the homebase (staitbox) 
and the defined point of conflict where the animal stops (figure 4.1). The subdivision of 
oscillations is arbitrary. However, although there is a gradual transition of small in large 
oscillations, oscillations appear to be bimodally divided. Furthermore, there is a strong relation 
between the amplitude of the oscillation and the duration of it. Small oscillations are mostly of 
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Figure 4 2b Large oscillations 
in ihe runway of socio-reared 
female 10 from experiment 4. 
Phase in conflict is the total 
summation of all conditioned 
punishment sessions until the 
conflict is solved recalculated lo a 
total of 10. The conflict is not 
solved in 12 sessions (only 3 CS-
presentations) and it is unknown 
whether this subject could ever 
solve the conflict. 
These large oscillations could be limited to the first half of the runway (- CS) or extend into 
the second part of the runway (+ CS) where the CS was contingent on forward movement. The 
suggestion is that extinction of the aversive properties of the CS results in a lowering of the 
avoidance gradient eventually leading to the resolution of the conflict (see for example the large 
oscillations of socio-reared male 7 from experiment 4, figure 4.2b). 
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Animals not reaching the second half of the runway are not confronted with the aversive light 
and less extinction of the aversive properties of the light takes place. Therefore, animals 
performing many large oscillations without CS sometimes did not solve the conflict, for example 
one socio-reared female from experiment 4 (figure 4.2b). 
Large oscillations between startbox and point of conflict seem to be the driving forces of this 
extinction phenomenon by exposing the subject to an increasing amount of aversive stimuli. On 
the whole a decrease of large oscillations without CS-presentations and an increase of large 
oscillations with CS-presentations can be found during conflict resolution (figure 4.2c). 
10 
Figure 4.2c. Short and long 
large oscillations in the runway in 
the course of the conflict sessions 
(example means from experiment 
4). Phase in conflict is the total 
summation of all conditioned 
punishment sessions until the 
conflict is solved recalculated to a 
total of 10. Mean number of large 
oscillations of 16 rats are given. 3 4 5 6 7 
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The time-budget of the animals in the course of the conflict (figure 4.2d) shows a decrease in 
the proportion time spent in the startbox (home) and more time spent running, walking or 
crouching towards the goalbox (approach), not moving at the conflict point (runway) and 
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Figure 4.2d. The lime-budget 
during conflict resolution in the 
runway (example means from 
expenment 4). Phase in conflict is 
the total summation of all 
conditioned punishment sessions 
until the conflict is solved 
recalculated to a total of 10. Mean 
proportion urne spent of 16 rats 
are given. 
Not only the large oscillations between startbox and point of conflict are the driving forces of 
the extinction phenomenon, but also the small oscillations at the point of conflict. A small 
movement towards the goal in the second half of the nmway elicited the aversive light at the goal. 
Therefore, small oscillations at the point of conflict in the second half of the runway also expose 
the subject to an increasing amount of aversive stimuli and result in extinction of the aversive 
properties of the light. 
To investigate the influence of oscillatory behavior on the speed of conflict resolution, it was 
necessary to control, at least partly, the amount of oscillatory behavior of the animals in the 
experimental apparatus. Social isolation of rats often results in fast switches in approach-
avoidance behavior, that can be interpreted as oscillatory behavior. Therefore, the amount of 
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oscillatory behavior is manipulated by means of social isolation of the rats during the juvenile 
stage. 
The role of early experience on adult approach-avoidance behavior is investigated with the aid 
of the method of social isolation during ontogeny. It is important to know the normal 
development of the rat during ontogeny, which we can subdivide in a number of important 
periods: 
1) neonatal period (0-15 days). The pup is quite helpless and the mother is the actor in pup-
care. 
2) transition period (15-21 days). In this period important physiological changes take place. 
The eyes are opening and the pups start to explore the social and non-social 
environment 
3) socialization period (21-30 days). Play behavior accompanies the emergence of new 
behavior patterns. Actual performance of many behaviors in this developmental stage 
seems to reflect the imbalance between the tendency to attack and to flee (see also Kruijt, 
1964). Behavior sequences are often mixed, what is often expressed by the occurrence 
of consummatory acts early in a behavior sequence, before the appetitive behaviors. 
4) juvenile period (30-60 days). Animals are hyperactive resulting in a peak in play behavior. 
Mounting behavior as a part of the sexual maturation is now correctly displayed. At the 
end of this period (52-60 days) there is a decrease in the amount of time spent in social 
behavior. 
5) subadult period (60-90 days). Stabilization of the social behavior with less abrupt changes 
in behavior. 
6) Adult period (beginning at day 90). 
The method social isolation deprives the subject from tactile stimuli starting at weaning in the 
beginning of the socialization period. This socialization period is of crucial importance for 
learning to cope with the - social - environment. Peys (1977) found that during the socialization 
and the juvenile period rats growing up with littermates show abrupt changes from approach in 
withdrawal (successive ambivalence) during play behavior with conspecifics. At the end of this 
period the animals show more simultaneous ambivalence in conflict, for example stretched 
attention and several behaviors performed in agonistic encounters. Social isolation during the 
socialization period deprives the animals from play behavior, resulting in more oscillatory 
behavior and not simultaneous ambivalence at an older age. It is possible that this oscillatory 
behavior influences the speed of conflict resolution and thus, the hypotheses investigated in this 
chapter are: 
1) Social isolation during the socialization period and juvenile period influences the speed of 
conflict resolution at an older age. 
2) Isolation during the socialization period and juvenile period increases the number of 
oscillations between approach and avoidance behavior. The occurrence of these 
oscillations is related to the speed of conflict resolution. 
The large oscillations between homebase and point of conflict are investigated in chapter ПІ. 
The oscillations investigated in this chapter are the small oscillations and not the large 
oscillations. In this chapter the effects of oscillations - induced by social isolation during 
ontogeny - on the speed of conflict resolution are investigated, both in a nonsocial - food 
motivated - and in a social - sexual motivated - context Socially reared subjects were housed two 
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per cage, and are called socio-reared subjects. In the socially isolated rearing condition subjects 
were housed alone and are called iso-reared subjects. 
EXPERIMENT 4. SOCIAL ISOLATION AND SPEED OF CONFLICT 
RESOLUTION IN RATS RUNNING FOR FOOD 
INTRODUCTION 
In this experiment the influence of social isolation on the speed of conflict resolution in an 
approach-avoidance conflict is investigated by a comparison of socio-reared rats and rats reared 
in isolation. Both groups were tested according to the conditioned punishment paradigm in the 
runway with food as the reinforcer. Little is known about the runway- and food motivated 
behavior of iso-reared rats compared with socio-reared rats. 
Tachibana (1979) did not find differences in runway behavior (running speed) between rats 
that were iso-reared during the socialization and juvenile period and rats that were reared socially. 
Morgan et al. (1977) found that iso-reared rats run more slowly towards a food cup than socio-
reared animals. Morgan (1973) also found that rats reared in isolation ran faster for food reward 
than socio-reared animals, but the effect perhaps could be explained by the fact that iso-reared 
rats weighed more and eat more than socio-reared animals. 
After water deprivation iso-reared rats are slower in reaching a water reward at the end of a 
straight alley than socio-reared and handled iso-reared rats (Greenough, Madden and 
Fleischmann, 1972). Dalrymple-Alford and Benton (1984) showed that postweaning isolation 
from 23-51 days of age does not affect responding for the appetitive reward (water), but isolation 
before testing at 90 days did slow down the animals. The rats reared in isolation had, however, 
an increased resistance to extinction. Domjan, Schorr and Best (1977) found no effects of 
isolation on conditioned and unconditioned ingestional behaviors. Also Gluck and Pearce (1977) 
did not find differences between socio-reared and iso-reared rats in the acquisition, maintenance 
and reacquisition of a runway task. During extinction, however, iso-reared rats emitted many 
more responses than controls so they appear to have an increased resistance to extinction (see 
also Morgan, Einon and Morris, 1977). Morrison and Hill (1967) tested in female rats the effects 
of socially rearing or rearing in isolation on approach-avoidance behavior in a runway. Although 
their experimental design is not completely comparable to the designs used in this thesis, their 
data are suggestive of a worse performance of the iso-reared rats in the conflict test. 
The most common explanation of the worse performance of iso-reared rats is that they have 
difficulty in inhibiting responding (Morgan, 1973). The findings that iso-reared rats have an 
increased resistance to extinction and an increased rigidity in their behavior (Gardner et al., 1975) 
points in the same direction. 
What is to be expected for runway behavior in the conditioned punishment paradigm? 
Concerning the acquisition of the running response the present information is equivocal: 
sometimes no differences, faster running iso-reared rats or even faster running socio-reared rats 
are found. In extinction the iso-reared rats seem to show a consistent amount of persistence in 
their response pattern. This could work in only two ways. The iso-reared rats may keep 
responding during the conflict test (= no extinction of the leverhold or approach running 
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response) and expose themselves again and again to the aversive stimulus. This must lead to a 
faster extinction of the aversive properties of the stimulus, and hence in faster conflict resolution. 
On the other hand the iso-reared animals could be persistently avoiding the aversive stimulus or 
even the whole conflict by staying put in the staitbox. No extinction of the aversive properties of 
the light stimulus in the runway takes place and hence conflict resolution may be attained only 
after a long period. Fast conflict resolution is, however, not to be expected because fast 
extinction of the approach response is more likely than fast extinction of the avoidance response. 
In this case the extinction of the avoidance response is slower in iso-reared animals than in socio-
reared animals. 
In experiment 2 it was found that the group that solved the conflict immediately did not show 
any large oscillations by retreating in the staitbox, contrary to the other groups. Large oscillations 
seem to be correlated with the goal latency. Many large oscillations are related to slow conflict 
resolution. Concerning the small oscillations that are the result of isolated rearing the relation to 
the speed of conflict resolution is still unknown. It is probable that oscillations at the conflict 
point in the second part of the runway result in CS-presentations and hence fast extinction of the 
aversive properties of the CS (fast conflict resolution) and oscillations in the startbox and at the 
conflict point in the first half of the runway are maybe more related to slow conflict resolution, 
because these oscillations are time consuming and at least in sexual behavior ineffective (Peys, 
1977). 
There are four hypotheses concerning the speed of conflict resolution in iso-reared rats: 
persistence in the approach response (fast resolution), persistence in the avoidance response 
(slow resolution), oscillations at the conflict point in the second part of the runway (fast 
resolution) and oscillations in the staitbox and at the conflict point in the first half of the runway 
(slow resolution). The hypothesis that seems to be the most probable is that iso-reared rats are 
slower in solving the conflict than socio-reared animals, because extinction of the aversive 
properties of the stimulus is slower and the oscillation they show are time consuming and maybe 
lead to abrupt changes to less relevant behaviors during conflict resolution. 
M E T H O D S 
Subjects 
Subjects were 16 female and 16 male experimentally naive Wistar rats (Wu(SPF63)Cpb), 
purchased from the Central Institute for the Breeding of Laboratory Animals, TNO, Zeist, the 
Netherlands. There were eight litters with each two males and two females. The experiment was 
run in two blocks of four litters; the second block immediately following the first. They arrived at 
an age of 24 days and were immediately allocated to one of two rearing conditions. Subjects 
were housed in macrolon cages (38x26xl6cms). Half of the subjects were housed two per cage 
(same sex, different litter - social; socio-reared), the other half was housed alone (isolated; iso-
reared). All animals were kept in the same stockroom, so they could hear, see and smell each 
other, but could not have tactile contact. The experimental room was adjacent to the stockroom. 
Subjects were transported one by one to this room for training and testing. Subjects were kept on 
a reversed day/night cycle with lights off at 8.00 a.m. and lights on at 8.00 p.m. Training and 
testing occurred during the dark period under dim red light. Subjects had free access to water, 
but were food deprived to 85% of their predeprivation free-feeding weights at an age of four 
months. At this age the experiment started. Socio-reared females weighed between 196 and 223 
gms, socio-reared males between 353 and 413 gms, iso-reared females between 219 and 231 
gms and iso-reared males between 391 and 427 gms at the start of the experiment. From that 
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moment on the socio-reared animals were separated and housed alone during the course of the 
experiment. 
Apparatus 
Tbe apparatus was the Runway I configuration, described in detail in chapter II. 
Procedure 
The procedure for training and testing is described in chapter П. In short, there were held two 
sessions of open-field testing, 10 trials of magazine training, three habituation sessions, S 
sessions consisting of 5 approach trials and 12 conditioned punishment sessions of 15 minutes 
each. The subjects were trained and tested in a fixed sequence based on a Greco-Latin square 
dependent on sex, nest and rearing condition of the subject. An analysis was made controlling 
for litter effects. A MANOVA was done in which the Sex effect was tested against the Sex by 
Litter interaction, the Rearing Condition (Rcond) against the Rearing Condition by Litter 
interaction and the interaction between Sex and Rearing Condition against the interaction with the 
litters. 
RESULTS 
Speed of conflict resolution 
One animal did not reach the goal within 12 conditioned punishment testing trials. The runway 
latencies are analyzed in a multivariate analysis of variance using interaction with litters to test 
effects (table 4.2 and figure 4.3). 
Figure 4.3. Goal latency during 
approach, first recovery, baseline 
recovery and conditioned 
punishment testing for socio-reared 
and iso-reared male and female rats 
running in the runway I for food. 
MALE-socio MALE-iso FEMALE-socio FEMALE-iso 
SEX - REARING CONDITION 
TABLE 4.1. Effect of Rearing Condition on Speed of conflict resolution in male and female rats. 
RCXDND 
SEX 
A p p r o a c h 
R e c o v e r y 2 
Conflict 
Recovery 1 
N of subjects 
socio socio iso iso 
tf Q Cf Q 
1.41 1.53 1.57 1.52 
1.92 1.84 1.92 1.85 
3.37 3.66 3.66 3.61 
2.29 1.93 2.37 1.96 
8 8 8 8 
RCOND SEX R A S 
F ρ F ρ F ρ 
.36 .566 .12 .744 .38 .556 
Step . . . . . . 
.00 .951 .34 .579 .00 .952 
Step .00 .957 3.52 .110 .04 .856 
1.61 .245 1.09 .331 6.86* .034 
Step 6.92* .046 .00 .943 9.99· .025 
.12 .736 5.52+ .051 .02 .884 
Step .00 .980 .66 .461 1.09 .356 
RCOND is the factor Reanng Condition. Latencies are lOlog transformed. df=l,7 
An interaction between sex and rearing condition (F=6.86, p<0.05) is found in the 
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(F
s
=9.99, p<0.05). In the stepdown analysis also an overall rearing condition effect is found 
(F
s
=6.92, p<0.05), which was masked before by litter and baseline differences. Duncan post-
hoc comparison (a=0.05) indicates that the socio-reared males are significandy faster in reaching 
the goal than each of the other three groups, the difference with the iso-reared males is the most 
significant. 
It can be concluded from this data that males (normal = socio-reared) solve the approach-
avoidance conflict faster than females in this experiment. Social isolation leads to a slower speed 
of conflict resolution in males and not in females, although the effect maybe masked in this 
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SESSION IN CONFLICT 
Figure 4.4. Survival graph of 
the number of socio-reared and iso-
reared male and female rats in 
conflict in the course of 
conditioned punishment testing. 
12 
The survival analysis (figure 4.4) shows too that the socio-reared males are faster than the 
three other groups in conflict resolution. In the pairwise comparison using the Lee-Desu statistic 
only the the difference between the socio-reared and iso-reared males reached significance (Lee-
Desu=3.574-> p=0.059). 
Oscillation 
Oscillatory behavior recorded in this experiment is illustrated in the chapter introduction (see 
figure 4.1a,b,c, and d). The number of oscillations in the alley is analyzed in a trend analysis 
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Figure 4.5. Number of small 
oscillations in the runway I during 
the conditioned punishment test for 
socio-reared and iso-reared male and 
female rats. 
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EXPL VAR. TREND 
% F ρ 
50 87 14.41# 001 
12 06 .12 728 
SEX RCOND S χ R 
F ρ F ρ F ρ 
4.57· .041 6.16· 019 8.64# 007 
2.32 .139 01 932 .24 630 
00 955 1 66 208 1 86 184 
Only the two trends that explain over 10% of the variation are presented. 
Especially the iso-reared males show many behavioral oscillations in the runway at all times 
and in particular shortly before conflict resolution. The number of oscillations, the total time 
grooming and stretched attention per individual are averaged for the sessions when they are still 
in conflict, thus before conflict resolution (table 4.3). Iso-reared animals tend to show more 
grooming and less stretched attention. The iso-reared animals, especially males, oscillate more in 
their behavior than socio-reared animals. 
TABLE 4.3. Tune spent grooming in seconds, urne spent in stretched attention posture in seconds and the number 





Number of oscillations 
SOCIO SOCIO ISO ISO 
11.37 23 80 56 22 42 40 
123 53122 68 90 19 96 82 
4 21 3 17 7 63 2 96 
RCOND SEX S χ R 
F ρ F ρ F ρ 
5 08+ 059 85 387 1 47 264 
4 30+ 077 02 880 10 765 
8.58* 022 14.08# 007 5 49+ .052 
Ultrasonic vocalizations 
During the conflict test no ultrasonic vocalizations were registered in the runway. During the 
shock session the socio-reared males produced significantly more 22 kHz ultrasound than iso-
reared males (M-W U=13, p=.046), socio-reared females (M-W U=l, p=.001) and iso-reared 
females (M-W U=0, p=.001). In socio-reared males there is a positive correlation between the 
duration of 22 kHz calling and the goal latency measured in the conflict test 
D I S C U S S I O N 
In this experiment the influence of social isolation on the speed of conflict resolution in the 
feeding context is investigated. Dunng the conflict tests more oscillations are found in iso-reared 
animals compared to socio-reared animals and males oscillate more than females. The number of 
oscillations decreases in the course of the conflict. In line with the findings of Tachibana (1979), 
Dalrymple-Alford and Benton (1984), Domjan et al. (1977) and Gluck and Pearce (1977) no 
differences are found between socio-reared and iso-reared rats in the acquisition of the runway 
task in this experiment. There are also no differences between the iso-reared and socio-reared 
female rats concerning the speed of conflict resolution. In males, however, the indications of a 
slower extinction of the aversive properties of the light stimulus in iso-reared animals seems to 
be confirmed (Dalrymple-Alford and Benton, 1984 and Morgan, Einon and Morris, 1977). The 
differences in speed of conflict resolution are, however, small. The fact that the iso-reared 
animals and especially the males are slower in conflict resolution than socio-reared animals is 
conform the hypothesis that more oscillations are associated with slower conflict resolution. 
The differences found in speed of conflict resolution point to a sex difference and a difference 
induced by isolation that is maybe related to hormonal differences between the groups, because 
conflict behavior and hormones (Rodriguez-Sierra et al., 1984) seem to be intimately related. In 
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particular the plasma testosterone level can be a factor in explaining differences between groups. 
Iso-reared male rats and females have lower plasma testosterone levels than socio-rcared males 
(Dessi-Fulgheri et al., 1976, Lupo di Prisco et al., 1978, Chambers and Sengstake, 1978). The 
amount of oscillations in iso-reared subjects is in concordance with this hypothesis because 
persistence in behavior is less obvious when testosterone levels are low as is illustrated by the 
behavior of rats when testosterone levels were diminished by cyproteron acetate (Thompson and 
Wright, 1979). This explanation is in concordance with the hypothesis of Morgan (1973): iso-
reared rats have problems in inhibiting responding and in switching between different patterns of 
behavior (Einon, Morgan and Kibble, 1978). The hypothesis that the speed of conflict resolution 
is thus related to the plasma testosterone level of the subject seems to be the most probable. 
EXPERIMENT 5. SOCIAL ISOLATION AND SPEED OF C O N F L I C T 
RESOLUTION IN RATS RUNNING FOR A PARTNER 
INTRODUCTION 
Most experimental work on sexual behavior of the rat focuses on sex as a motivational 
system, driven by hormones, rather than to sex as a reinforcer in instrumental learning (Hogan 
and Roper, 1978). This is, however, the important issue in this chapter. Sex as a reinforcer will 
be introduced separately for both sexes. 
Sex as reinforcer f or male rats 
Sexual behavior of the male rat consists of a number of typical behaviors in the sequence 
follow-mount-intromission-ejaculation. In the multiple-mount system of the rat a number of 
intromissions (4-8) are required to achieve ejaculation. 
One of the first studies in which sex was the reinforcer was essentially a motivational one in 
which - in the Columbia obstruction box - rats have to cross an electrified grid to reach a partner 
(Wamer, 1927). The frequency of crossing the grid towards a partner was a measure of 
motivation. Sheffield et al. (1951) showed that sexually active male rats would run through a 
runway and jump over a small hurdle to copulate twice with a receptive female in the goalbox. 
Running speed reached its maximum after 20 trials and was higher than the running speed 
towards a stimulus male. Sexually disinterested males were slower than both groups of active 
males. Males in Sheffield's study experienced never ejaculation. Beach and Jordan (1956) gave 
male animals enough trials in a runway to achieve ejaculation and they performed according to 
the males in Sheffield's experiment. Kagan (1955) showed that if male rats had experience with 
ejaculation, intromission without ejaculation led initially to increased running speed for a number 
of trials followed, however, by a strong decline in running speed. Ware (1968) found that 
sexually inexperienced males ran faster for a non-receptive female than for copulation with a 
receptive female. Whalen (1961) used male rats inexperienced with respect to ejaculation and 
showed that a reward of four intromissions is a better reinforcer than one intromission, which is 
better than mounting without intromission. The conclusions are that in sexually inexperienced 
males social contact, intromission and ejaculation are all reinforcing. If the male rat subject has 
had sexual experience with ejaculations only intromission with ejaculation is reinforcing. 
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Sex as a reinforcer for female rats 
A receptive female hops and darts while the male follows. After stopping suddenly she 
'fixes', and when the male mounts (and palpates her flanks), she assumes the lordosis posture 
(lordosis = head up with neck extension, concave back flexion, lateral tail deviation up, belly on 
bottom) allowing the male to penetrate. 
Pierce and Nuttall (1961) allowed female rats in estrus to enter and leave an arena containing 
two or three active males and measured time it took to return to the arena after each sexual 
contact, which was 13 seconds after mount, 60 seconds after intromission and 170 seconds after 
ejaculation. These intervals are in pace with the males except the latency after ejaculation, which 
is longer for males. Krieger, OIT and Perper (1976) found almost the same results, i.e. 14 
seconds after mount, 45 seconds after intromission and 86 seconds after the ejaculation during 
the first series. The latencies changed to 43 seconds after mount, 86 seconds after intromission 
and 241 seconds after the second ejaculatory series. Males seldom start another sequence in less 
than 4 minutes after their first ejaculatory series and after this intervals increase rapidly (Larsson, 
1956). 
Bolles, Rapp, and White (1968) found that there were no differences in running speed of 
receptive females towards active and passive males, indicating that only social contact is 
reinforcing. However, Hill and Thomas (1973) found that receptive females ran significantly 
faster to active males than to passive males, concluding that both sexual and social contact are 
reinforcing for females. 
Gilman and Westbrook (1978) investigated intact female rats making a choice between 
sexually active males and inactive males or females in a runway-choice apparatus. Sexually 
receptive female rats demonstrated a preference for sexually active males over the two other 
groups. No preference was demonstrated when females where sexually non-receptive. The 
results show that, for sexually receptive female rats, copulation can have reinforcing effects 
distinct from the reinforcing effects of more general social factors. Even a specific male can have 
more reinforcing power than another male. Females in estrus show in an operant control situation 
a clear preference for a certain male partner (French, Fitzpatrick and Law, 1972). When the 
females were in diestrus no preference could be found. 
In most studies also aversive aspects are found in female sexual behavior. As suggested by 
Pierce and Nuttall (1961): the sexual motivation of the female rat differs from that of the male in 
that an aversive as well as an approach component are present. However, what exactly the 
positive and negative reinforcing behaviors are is not clear, although intromission seems to be the 
best candidate for having appetitive as well as aversive aspects for the female. Vagino-cervical 
stimulation causes a number of well investigated physiological effects, i.e. release of 
gonadotropins (Taleisnik, Calagaris, and Astrada, 1966) and facilitation of ovulation (Zarrow 
and Clark, 1968). Multiple intromissions are necessary to ensure implantation and successful 
pregnancy (Adler, 1969). However, the behavioral effects are less well known. Genital 
stimulation is necessary to maintain the sexual receptivity (Hard and Larsson, 1968). On the 
other hand there is a positive relation between intensity of coital stimulation and the latency with 
which female rats return to the male (Pierce and Nuttall, 1961), indicating that intromission might 
be aversive for the female. In a number of studies rejection of the male (Hardy, 1972), decrease 
of lordosis activity (Rodgers, 1970), increase in 'sparring' (Dewsbury, 1967) and resistance 
(Bermant and Westbrook, 1966) are found. Hardy and DeBold (1972) also found a decrease in 
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lordosis behavior and an increase in rejection behavior after coital stimulation. When the female 
is not able to pace the number of sexual contacts the probability increases that the female will 
reject the male. 
Especially progesterone seems to be involved in female sexual behavior by increasing the 
reinforcement of copulation with males (Edwards and Pfeifle, 1983, and De Jonge and Van de 
Poll, 1986). 
Social isoUuion and sexual behavior 
The most commonly used method of investigating influences of early experience on adult 
sexual behavior is comparing the adult sexual behavior of socio-reared and iso-reared subjects in 
a sextest, mostly consisting of repeated tests of 30 minutes with a stimulus animal. The social 
rearing conditions consist mostly of two or three animals together in standard laboratory cages, 
or a group in enriched rearing conditions, while the isolated rearing condition mostly consists of 
one animal in a standard cage, that is often visually separated from the other cages. So in most 
experiments iso-reared males have more room to move than socio-reared animals, but no partner 
or objects to act or to react upon. 
.Social isolation and sexual behavior in male rats 
The results concerning the effect of social isolation on sexual behavior of the adult male rat are 
somewhat contradictory. There are some reports of male iso-reared rats performing normal 
(isolated at fourteen days. Beach, 1958) or even better than socio-reared males (Beach, 1942). 
However, aberrant behavior and disruption of sexual behavior is more frequently described. 
Zimbardo (1958) found that iso-reared rats were sexually impaired with only 11% ejaculating 
compared with 80% of the socio-reared animals. Folman and Drori (1965) reported that iso-
reared animals were not different from peers raised in mixed-sex or male-only groups, but in a 
second experiment these iso-reared rats were significantly inferior to socio-reared males. Also the 
appearance of sexual behavior is delayed is iso-reared rats by at least 5 days (Hansen, Larsson, 
Carlsson and Sourander, 1978) compared to rats reared in laboratory conditions. The 
performance of these rats measured in frequencies of behavior was however equal between both 
groups as is also found by Dahlof and Larsson (1976). 
Duffy and Hendricks (1973) found after isolating male rats from day 14 day to day 91-104 
marked negative effects of the isolation. Their result is the same as found by Gerall, Ward, and 
Cerali (1967), Griindel and Arnold (1974), Spevak, Quadagno and Knoeppel (1973), 
Wilhelmson and Larsson (1973). Iso-reared rats lack the possibility to perform social play 
behavior. This lack of play behavior during ontogeny is mostly given as an explanation of the 
isolation effect. Griindel and Arnold (1974) state, however, that play behavior in a non-social 
environment does not have a positive effect on later sexual behavior. They suggest, therefore, 
that social grooming may be the crucial behavior. Hole, Einon and Plotkin (1986) again tried to 
shed light upon the effects of social isolation on male rat sexual behavior. In their first 
experiment, subjects (PVG strain) were raised from weaning onwards (from day 21 until day 65) 
in male-only groups, in groups with limited periods of social deprivation at various ages, or in 
total isolation. Only the latter group showed a significant degree of sexual impairment, especially 
concerning the number of ejaculations. In their second experiment subjects were raised in mixed-
sex groups, in total physical (but not visual or olfactory) isolation from a surrounding mixed-sex 
group, or in physical isolation except for one hour's social contact per day with a peer. All these 
subjects were sexually competent as adults. It thus appears that, in the laboratory rat (PVG), 
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social deprivation must consist of total physical and visual and/or olfactory isolation in order to 
produce a significant degree of sexual impairment. Chambers et al. (1982) found also the 
expected sexual impairment in iso-reared rats. They gave the following explanation of the 
isolation phenomenon, 'Since Dessi-Fulgheri et al. (1976) it is known that iso-reared rats show a 
a lower plasma testosterone level than socio-reared ones. It is also known that testosterone is 
necessary for good sexual performance in male rats. The isolation syndrome could well be a 
lowering of testosterone during the social deprivation period without any social contact'. Mind 
that testosterone is necessary for the persistence of behavior (Thompson and Wright, 1979) and 
iso-reared rats show difficulties in inhibiting responding (Morgan, 1973). Thor (1980), too, 
found impairments in sexual behavior after isolation from the age of 50 days - 90 days. 
However, not frequencies, but latencies of sexual behaviors were different between socio-reared 
and iso-reared animals, leading to the conclusion that by social isolation the pacing of 
intromissions and ejaculations is impaired. His conclusions are however not in terms of 
impairment, but in terms of an adaptive and better pacing of sexual behavior in iso-reared rats, 
resulting in a reproductive advantage gained by prior social isolation. 
The iso-reared male is more likely to impregnate more available females since: 
a) its ejaculations are more likely to follow that of other males. 
b) it reaches satiation at a slower pace. 
Explanations given for the isolation effect on adult sexual behavior in male rats are: 
1) Lack of environmental information essential for the organization of behavior. 
2) Active disruption of behavior that was already present 
3) Development of competing behavioral responses which disrupt the behavior under test 
(play interacts with sex (Kagan and Beach, 1953, Hole, Einon and Plotkin, 1986)). 
4) Differences in plasma testosterone level, compared to socio-reared males, that impair the 
behavior (Dessi-Fulgheri et al., 1976). The amount of plasma testosterone is 
significantly correlated with the all measures of male sexual behavior (Batty, 1978), 
especially with the arousal mechanism (mount latency). 
5) Difficulty in inhibiting responding (Morgan, 1973). 
The data concerning the behavioral effect of isolation are rather consistent: in most studies the 
sexual behavior of the male laboratory rat seems to be impaired by social isolation. The 
explanation for this phenomenon.however, is not yet given. 
Social isolaüon and sexual behavior infernale rats 
The effects of social isolation during ontogeny on sexual behavior of the adult female rat are 
less well investigated. Duffy and Hendricks (1973) investigated the effects of social isolation 
(from day 14 - day ca. 100) on lordosis, holding of lordosis and darting and soliciting behavior. 
No differences were found compared with socio-reared females. Hansen (1977) tested socio-
reared and iso-reared females by hand stimulation, but found no differences in the lordosis 
reaction of the females. Females also display masculine sexual behavior, especially when treated 
with testosterone. When adult the female rats in Hansen's experiment were ovariectomized and 
treated with testosterone propionate. In comparison with the socio-reared females, the iso-reared 
females show fewer mounts and 'intromission' patterns. So the masculine sexual behavior of the 
females was impaired by social isolation, but not the feminine sexual behavior. 
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Design of the experiment 
For precise comparison between the effects of social isolation on the speed of conflict 
resolution in a non-social context with the speed of conflict resolution in a social context the 
design of the present experiment was equal to the design of experiment 4. The most important 
difference is of course that in this experiment the mount/intromission is used as a reinforcer for 
the approach behavior in the runway. It must be kept in mind that this implies a risk for the 
experiment knowing that social isolation affects sexual behavior of rats. On the other hand it is 
also known that social isolation leads to oscillations in behavior (see experiment 4) which can 
persistendy and independently be produced. However, the interdependency of the effects of 
social isolation on sexual behavior and approach-avoidance behavior are unknown. 
METHODS 
Subjects 
Subjects were 16 male Wistar rats and 16 females, consisting of 8 litters of two males and two 
females, and purchased from the Central Institute for the Breeding of Laboratory animals, TNO, 
Zeist, the Netherlands. They arrived at an age of 24 days and were immediately allocated to one 
of two rearing conditions (see experiment 7). After 9 months socio-reared animals were housed 
alone in macrolon cages. Another 10 males and 14 females served as stimulus animals during 
tests for sexual behavior. The stimulus males were castrated, and had an implant in the back with 
testosterone propionate. The stimulus females were ovariectotnized and were brought in estais 
with subcutaneous injections of 50 μgm estradiol 52 hrs before testing and 500 μgm 
progesterone 4 hrs before testing. 
Apparatus 
The apparatus was the runway II configuration, described in detail in chapter II. 
Procedure 
After 14 days of separation of the socio-reared animals the subjects were tested in the 
open-field for 5 minutes on two consecutive days. In the next stage the subject was tested in the 
open-field together with a tethered stimulus animal. The purpose was to record initial sexual 
performance of all animals. Females were only tested when they were found to be in estrus. 
Vaginal smears were taken every day and the moment of the first estrus was determined 
beginning one week after the separation of the socio-reared animals. The vaginal smears were 
fixated with methanol and stained with Giemsa. Four stadia in the preparations were discerned: 
diestras, proestrus, estrus (with cornified epithelial cells, blue colored) and metestrus. Males 
were tested six times in the open-field together with tethered stimulus females and females were 
tested until they copulated with one of the tethered stud males. In the next period they were 
habituated to the runway for 5 minutes on three consecutive days. The moment the runway 
training started they were approximately 12 months old. Training and testing consisted of the 
following procedure. A stimulus animal was placed in the homecage of the experimental animals 
for two minutes. If a copulation took place, the stimulus animal was placed in the goalbox of the 
runway, the experimental subject in the startbox. The trial was ended if one mount/intromission 
was achieved. Five approach trials were given per day, until the animal ran within 20 seconds to 
the goal in the first trial. The first trial of the last approach training session was the baseline 
approach trial (approach). Aversive training was as described in the general procedures. Each 
animal received 2 sessions of 5 recovery trials. The first trial of the first session was the first 
recovery (recoveryl), the first one of the second session was the baseline recovery trial 
(recovery!). Conditioned punishment tests (conflict) were given until the animal reached the goal 
and copulated. 
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R E S U L T S 
One male did not copulate at all during all the experimentation. During approach training 3 
males received 10 trials, 4 males 15 trials, 7 males 20 and one male 25 trials. The training for the 
females was stopped in this stage. Iso-reared females were not in behavioral estnis well and 
could therefore not frequently be tested. Vaginal smears were taken every day. The first estrus in 
socio-reared females was found within 6 days from the beginning of the test. In iso-reared 
females, however, the first estrus was found much later (Mann-Whitney U=5, p=0.004); at day 
47 the last iso-reared female was found to be in estrus. Furthermore, the behavior in the runway 
was such that after fast approach to the goal as a reaction to the stud male the females hopped and 
darted back in the runway towards the startbox, thus creating very long goal latencies. In the case 
they joined the male and copulated, handling the female and transporting her to the startbox 
resulted in still longer goal latencies on subsequent trials (see experiment 2 and 6 for other 
procedures concerning female approach training). In conditioned punishment testing one male 
had to be discarded from the experiment, due to computer failure. 7 Males of each rearing 
condition remained in the experiment 
Figure 4.6. The goal latency 
during the approach.first recovery, 
baseline recovery and conflict test 
of socio-reared and iso-reared male 
rats running for a partner. 
g SOCIO-REARED ISO-REARED 
MALE 
Analysis of variance showed no differences in any stage of the experiment between the socio-
reared and iso-reared males (table 4.5 and figure 4.6). 
TABLE 4.S. Effect of social isolation on goal latency in male rats, 




































Latencies are l ulog transformed. 
Only during shocksessions a considerable amount of ultrasonic vocalizations is produced. 
However, no differences between both male groups are found. Three out of 8 males in the socio-
reared condition produced a considerable amount of 22 kHz vocalizations. Their three brothers in 
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DISCUSSION 
In the introduction of this experiment the subject of 'sex as a reinforcer' for male and female 
rats is discussed and the effects of social isolation on sexual behavior of both sexes is presented. 
The experiment had the same design as experiment 4, but the reinforcer was not food for the 
hungry animal, but a mount/intromission with a stimulus animal. This experiment was therefore 
the extension of experiment 4 to the social context. However, iso-reared females appeared to be 
in estrus much later than socio-reared females, which contrasts the finding of Hansen (1977) 
who found no differences in estrus cycles between females of different rearing conditions. 
Furthermore, the females could not be trained to run to males very well, because the training 
procedure with a mount/intromission with a male stud in the goalbox appeared to be aversive for 
the females. 
Moreover there were were no differences found between socio-reared and iso-reared males. 
The procedure followed in this experiment with one mount-intromission as a reinforcement in the 
goalbox may be the cause of this finding. By giving both groups social and sexual reinforcement 
the iso-reared males can recover from the possible effects of social isolation, and after a number 
of mount/intromissions show the same behavior as the socio-reared males. In this way also the 
oscillatory behavior, which is a characteristic aftereffect of social isolation, disappears. When 
there are no differences between groups in the number of oscillations no differences in the speed 
of conflict resolution are to be expected. 
The experiment revealed a number of important facts about instrumental learning with sex as a 
reinforcer. A mount/intromission as a reinforcer for approach behavior diminishes the effects of 
social isolation in male rats. A mount/intromission as a reinforcer for approach behavior can be 
aversive for the female rats and interferes probably with the pacing of sexual behavior. The 
natural estrus is difficult to predict and the occurrence of estrus differs between socio-reared and 
iso-reared females. Therefore, a new procedure is introduced in the next experiment whereby the 
initial training of the animals is changed. In the new procedure females can be tested with the 
conditioned punishment paradigm, too. 
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EXPERIMENT 6. SOCIAL ISOLATION, MALE AND FEMALE SEXUAL 
BEHAVIOR AND SPEED OF CONFLICT RESOLUTION 
INTRODUCTION 
In this experiment several aspects of the sexual conflict behavior of male and female rats are 
investigated. Effects of social isolation on male sexual behavior are known from literature, but 
effects of social isolation on female sexual behavior are not reported, (for more information see 
introduction experiment 5). In the first stage of the experiment the effect of social isolation on 
both male and female sexual behavior is investigated. The next question concerns the reinforcing 
properties of the partner for running in a runway. Social as well as sexual reinforcers may play a 
role in establishing contact between two individuals. In the preceding experiment the stimulus 
animal - male or female - differed during the sessions and according to Beck (1981) the 
integration of male and female sexual behavior is enhanced by using fixed male-female sets 
during the experiments. Coordination and correlation between members of a fixed pair is higher 
than between changing stimulus partners. For determining the importance of the individual in the 
functioning of the dyad, one of the animals of a dyad is tethered at the end of an alley, allowing 
the other freerunning animal to control the amount of social and sexual contact. The strength of 
attraction between the two individuals is investigated in an approach-avoidance conflict situation 
by interrupting ongoing approach behavior towards the partner by means of an aversive stimulus 
according to the conditioned punishment paradigm. In experiment 5 the speed of conflict 
resolution in a sexual context is measured. A mount/intromission in the goal-box was the 
reinforcer of approach behavior in males and females. The most important findings of experiment 
5 were: 
1) A mount/intromission as a reinforcer diminishes the effects of social isolation in male rats. 
2) A mount/intromission can be aversive for female rats and interferes with the pacing of the 
sexual behavior. 
3) Natural estrus is difficult to predict and the occurrence of estrus differs between social and 
iso-reared females. 
4) Different stimulus males and females make the integration of the male-female dyad more 
difficult (Beck, 1981). 
There are a number of changes introduced in this experiment to measure the effects of social 
isolation on the speed of conflict resolution. The differences with experiment 5 are the following: 
ad 1) No explicit reinforcer is used in the training procedure. A fixed time of social 
confrontation is presented to the animals. 
ad 2) By using a fixed time in approach training the pacing of the sexual behavior is 
completely determined by the free-moving animal. 
ad 3) Females are ovariectomized and brought artificially in estrus by hormonal 
injections. 
ad 4) Fixed dyads are used. Each animal has a fixed partner and was experimental as 
well as stimulus animal. 
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M E T H O D S 
Subjects 
Subjects were 40 males and 40 females, Wistar rats Wu (SPF(63)CPB). They were progeny 
of 10 females, purchased from the Central Institute for the Breeding of Laboratory Animals, 
TNO, Zeist, the Netherlands. These females were selected for having at least 4 males and 4 
females per litter. The first day after parturition the litters were reduced to these 8 pups. They 
were individually marked with a feltpen. They were weaned and earmarked at day 24 and 
allocated to one of two rearing conditions. Two animals were housed together (pair 
housed=5ocia/; socio-reared) and two animals were housed alone (Isolated; iso-reared). This 
was done with males as well as females. 
Apparatus 
The conflict test apparatus was the runway II configuration, described in detail in chapter II. 
Initial sexual performance was measured in a modified open-field. A plexiglass wall through the 
middle of the open-field separated two equal compartments. The plexiglass slide could be raised 
from the observation position. 
FIRST STARTERS (5 LITTERS) 
I S S F I ISSMI IISF I I ISM I ISIF I I SIM I IlIF I I IIM I a M L 
^ ^ ^ ™ 1 ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ H ^ ^ Figure 4.7. Scheme of the 
I A I 1 1 1 І А І І А І І А І І А І І А І І А І runway experiment with sexual 
I T I I T I I T I I T I I T I I T I I T I I T I behavior as a rcinforcer. In the 
| l l l l | | l | l | l | l | | l | | l l | l | startbox the experimental animal is 
l l l l l l l l l l l l l l l I I I I I I I I R U N W A Y shown, in the goalbox the fixed 
| | | | | | | l | | [ | | | | | I I I I I I I I partner, the stimulus animal. After 
| l l | | | | l | | I I I l | | l | | | l | | | the first senes the experimental 
^ ^ J L J ^ ^ J L J L ^ J ^ ^ J L J L ^ J animal becomes stimulus animal 
I I | | | | | | | | | | | | | | and vice versa. (SS = Socio-reared 
L _ J l _ _ l l _ _ l L _ l L__J l _ _ J l _ _ l l _ J S T A R T male -Socio-reared female dyad, SI 
= Socio-reared male - Iso-reared 
female dyad; IS = Iso-reared male -
SECOND STARTERS (5 LITIERS) Socio-reared female dyad; II = Iso-
^ ^ ^ ^ ^ 4 ^ ^ 4 ^ ^ ^ ^ ^ 4 ^ ^ ^ р ^ ч ^ ^ ^ reared male - Iso-reared female 




Females were ovariectomized at an age of two and a half months, one month before the first 
test. Females were brought in estrus by subcutaneous injection of 25μgm estradiol 52 hours and 
250 №gm progesterone 4 hours before testing. During the whole experimental period animals 
were part of a fixed pair and were tested together. The combinations within each litter were: 
socio-reared male - socio-reared female, socio-reared male - iso-reared female, iso-reared male -
socio-reared female and iso-reared male - iso-reared female. The first two testing days consisted 
of 5 minutes of open-field testing. For this test females were not brought in estrus. On the third 
day the plexiglass slide was lowered and male and female were habituated for 5 minutes in 
separate parts. After raising the plexiglass slide the behavior of both animals was recorded on 
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videotape for 30 minutes. The behavior sequence of the males was also registered on-line. Later 
on, both the male and female behavior was reprotocolled separately from the videomonitor. 
At an age of 4 months every animal received a neck collar as described in chapter III, 
experiment 2 and socio-reared animals were separated. After separation animals were placed in 
runway II for 15 minutes as a stimulus animal (tethered) and 15 minutes freerunning. Approach 
training consisted of one trial of 15 minutes in which one animal of the pair was tethered 
(Stimulus) and the other could run freely through the alley. About one and a half hour later the 
situation was reversed. So in 5 litters the male received first his approach training and in 5 litters 
the female was the first freerunning animal (figure 4.7). 
The recovery training was the same as approach training except that in all litters the female 
was the first to run and the males second. This was done because males in recovery training 
always appeared to be the slower starters. In conditioned punishment testing the aversive light 
was contingent on approach behavior in the second half of the runway. The sequence of starting 
the animals was according to the procedure in approach training. Two sessions of 15 minutes 
each were given with an intertrial interval of 10 days. 
TABLE 4.6. Procedure lime schedule for the experiment 6. 
10 Females produced 10 liners 
8 pupsfliuer 
/ \ 
4 moles 4 females 
/ \ / \ 
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The female rat behavior categories that were registered (according to Timmermans, 1978) 
were: 
1) approach - the female rat walks in the direction of the male, that stays put or approaches 
also. 
2) withdrawal - the female rat withdraws from the male (walk off). 
3) present - the female lifts her hind body and her tail. 
4) demonstrate - the estrus female moves away from the male in a hopping gait. After each 
hop she mosdy comes down on all four feet simultaneously (hopping and darting). 
5) fix - the female stops after demonstrating abruptly and presses her hindquarters to the 
ground, the hindpaws are placed wide apart and the head is lifted. The posture is tense, 
sometimes the head quivers and the ears wiggle. 
6) lordosis - the female lift her head, arches her back, lifts the hindquarters, lifts the tail to one 
side and presses the belly to the bottom. 
7) lordosis intromission - the female shows lordosis and the male performs a 
mount/intromission. 
8) lordosis ejaculation - lordosis of the female and ejaculation of the male. 
9) tum to - the female abruptly turns her head and sometimes also the anterior part of the body 
towards the male after a mount (sometimes in an upright position). 
10) genital grooming - the female licks her genitalia. 
11) grooming - the female grooms. 
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12) sit - the female sits in the open-field. 
13) rear - the female stands on her hind legs free or leaning to the wall. 
14) walk - the female moves forward through the open-field not in the direction of the male. 
15) explore - the female sniffs objects, walls or the male. 
Male behavior 
The male behavior categories that were registered were: 
1) approach - the male rat walks in the direction of the female, that stays put or approaches 
also. 
2) withdrawal - the male rat withdraws from the female (walk off). 
3) anogenital inspection (inspect) - the male inspects the female by sniffing and licking the 
anogenital area. 
4) follow - the male approaches the female and the female moves away from the male. 
5) climb - the male places one or both paws on the back of the female sideways or from 
another wrong direction. 
6) attempt to mount - the male climbs the female from the right direction and tries to hold the 
female but fails (for instance in case of no lordosis of the female). 
7) mount - the male climbs the female, palpates the flanks of the female and shows a thrusting 
reflex but no penetration takes place. 
8) intromission - a mount with penetration of the penis. 
9) ejaculate - intromission with an ejaculation. 
10) genital grooming - the male licks and manipulates its penis. 
11) groom - the male grooms. 
12) sit - the male sits quietly in the open-field. 
13) rear - the male stands on its hind legs free or leaning to the wall. 
14) walk - the male walks through the open-field not in the direction of the female. 
15) explore - the male sniffs objects, walls or the female. 
The analysis of the runway-data was rather complicated. Three factors were present, i.e. 
1) the sex of the animal (Sex). 
2) the rearing condition of the subject (Subject). 
3) the rearing condition of the partner (Partner). 
There were differences in experience between animals in a fixed pair. First starters and second 
starters could be distinguished (see figure 4.7). First starters had their last experience in the 
runway as a stimulus animal approximately ten days before the session; second starters had their 
last experience one and a half hour before the test session as a stimulus animal. Furthermore, an 
overall stepdown analysis is made concerning the CS-latency and the speed of conflict 
resolution. SS-dyad = Socio-reared male - Socio-reared female dyad; SI-dyad = Socio-reared 
male - Iso-reared female dyad; IS-dyad = Iso-reared male - Socio-reared female dyad; Il-dyad = 
Iso-reared male - Iso-reared female dyad. For instance SS-males are males of the SS-dyad, II-
females are females of the Π-dyad. 
R E S U L T S 
Two variables are analyzed in the course the experiment, i.e. the latency to reach the second 
half of the runway (CS-latency in the conditioned punishment sessions) and the latency to reach 
the goal. The data of the recovery are excluded because of the different starting sequence. 
However, it is important to notice that all animals reached the goal during recovery. Because this 
experiment is - contrary to most other experiments - based on baseline differences, a stepdown 
analysis is made on both variables, including sessions in which the subject was a stimulus animal 
for its partner. In case of the first starters the factor Subject is not presented, because no 
significant main or interaction effects are found concerning this factor. In case of the second 
starters the factor Partner was removed for presentation because of the same reason. One male 
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from the II-dyad died before experimentation had started. Thus in the II-combination there 
remained 9 dyads. 
Start-latency 
FIRST STARTERS. The males are slower in reaching the second half of the ranway. In the 
first conditioned punishment session also a Partner by Sex interaction is found: males running 
for an iso-reared partner start slower than males running for a socio-reared partner, while in 
females this effect is reversed. 
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Data are lOlog transformed, 'cov' indicates the latency of the partner in the preceding session m which the subject 
was stimulus animal. 
SECOND STARTERS. In the second starters no Sex main effect is found. The univariate 
effect (males are faster than females) can be explained by the influence of the first starting 
females. The strongly significant interaction on the first conditioned punishment day shows the 
fast starting socio-reared males and the slow starting socio-reared females. A Subject effect is 
found on the second conditioned punishment day. Socio-reared animals are faster starters than 
iso-reared animals. 
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.44 .512 16.00# .000 
7.50· .010 .31 .584 
Data are lOlog transformed, 'cov' indicates the latency of the partner m the preceding session in which the subject 
was stimulus animal - the variable which is used as a covanate. 
Speed of conflict resolution 
FIRST STARTERS. In approach training females reach the goal faster than males (figure 
4.8a). During the first conditioned punishment session no differences are found (learning stage: 
most animals did not reach the goal; figure 4.8b). On the second conditioned punishment day the 
females are faster in reaching the goal (figure 4.8c). A Partner main effect and Partner by Sex 
interaction is found. Most males did not reach the goal. The Partner effect is however obvious in 
females. An iso-reared male partner leads to faster conflict resolution. 
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Data are lOlog transformed 'cov' indicates the latency of the partner in the preceding session in which the subject 
was stimulus animal 
SECOND STARTERS. Univariate a Sex main effect is found on both conditioned 
punishment test days (figure 4.9b and c), but this effect is due to baseline differences and/or 
influences of the first starters (figure 4.8a). The effect of the rearing condition of the animal 
reaches significance in the first conditioned punishment test, and becomes significant on the 
second test. Socio-reared animals are faster m reaching the goal than iso-reared animals. 
However, the interaction between Subject and Sex reaches significance, indicating a difference 
between the both sexes. Especially socio-reared males are fast conflict resolvers. 
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30 614 4.83· 036 3 95+ 056 
Data are lOlog transformed 'cov' indicates the latency of the partner in the preceding session in which the subject 
was stimulus animal - the variable used as a covariate 
The results concerning runway behavior during approach training, recovery training and the 
conflict tests are presented in appendix 4. Concerning the number of remforcers -
mount/intromissions - in approach training on the whole a Sex by Subject effect is found 
(F=4.38, p=0.045); indicating that socio-reared males attain more intromissions than iso-reared 
males (figure 4.10). The number of mount/intromissions in the SS-group is higher than in the 
other groups as was expected, except for the female first starters, which have an extreme low 
score. In the Si-groups first starters attain less mount/intromissions than second starters. This 
difference is even more extreme in the IS-group. In the Π-groups it is striking that when the male 
is the free-running animal no mount/intromissions are registered, however, if the female is the 
free-running animal a considerable amount of mount/intromissions is found. 
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SOCIO-SOCIO SOCIO-ISO ISO-SOCIO ISO-ISO 
MALE - FEMALE reanng condition 
Figure 4 8a Goal latency 
dunng approach training for the 
Tirsi starters. Males are slower than 
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SOCIO-SOCIO SOCIO-ISO ISO-SOCIO ISO-ISO 
MALE - FEMALE reanng condition 
Figure 4 8b Goal latency 
dunng the first conflict test for the 
first starters. All animals are slow 
m reaching the goal. 
Figure 4.8c. Goal latency 
dunng the second conflict lest for 
the first starters Males are slower 
than females in reaching the goal. 
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socio-socio socio-iso iso-socio iso-iso 
MALE - FEMALE reanng condition 
SOCIO-SOCIO SOCIO-ISO ISO-SOCIO ISO-ISO 
MALE - FEMALE reanng condition 
Figure 4.9a. Goal latency 
during approach training for the 
second starters. Males and females 
arc equally fast in reaching the 
goal. 
Figure 4 9b Goal latency 
during the first conflict test for the 
second starters. Males are faster in 
reaching the goal. 
SOCIO-SOCIO SOCIO ISO ISO-SOClO ISO-ISO 
MALE - FEMALE reanng condition 
Figure 4 9c. Goal latency 
during the second conflict test for 
the second starters. Males arc faster 
than females m reaching the goal 
Socio-rcared animals are faster than 
iso-reared ones 
83 
APPROACH-AVOIDANCE CONFLICT AND SPEED OF CONFLICT RESOLUTION 
Figure 4.10. Number of 
mount/intromissions during 
approach training in the runway. 
socio-socio 
SUBJECT - PARTNER rearing condmon 
The number of small oscillations in approach training is depicted in figure 4.11. On the whole 
a Subject effect is found (F= 10.63 p=0.003); indicating that socio-reared animals show less 
small oscillations (11.15 vs 27.56) than the iso-reared animals during approach training. 






















Figure 4.11. The number of 
small oscillations during approach 
training in the runway. 
2; socio-socio socio-iso iso-socio iso-iso 
SUBJECT - PARTNER rearing condition 
Sexual behavior in the open-field 
Frequencies and latencies 
The effects of social isolation on sexual behavior of male rats are rather well investigated. 
However, concerning female sexual behavior less is known. Sexual behavior of the fixed male-
female dyads is recorded in the open-field preceding the runway experiment in which the effects 
of social isolation on the speed of conflict resolution are determined. The purpose was to control 
the initial sexual performance of the animals, to record effects of social isolation on 'free' sexual 
behavior and to record in detail the oscillations between approach and avoidance behavior as a 
result of social isolation. The results will be presented in two steps. The frequencies and latencies 
of the behavior in the 30-minute sex test in the open-field will be presented and discussed. 
Furthermore, the behavioral sequence of males and females will be analyzed to pinpoint the 
oscillatory behavior in more detail in the behavior sequence of the rats. Results will be compared 
with those obtained in the runway and differences will be discussed. 
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Figure 4.12. Frequencies of 
male sexual behavior in the open-
field. Data of four different dyads 
are shown. Rearing conditions of 
the male and female determine the 
observed frequencies of 
mount/intromissions and 
ejaculations of the male. 
SOCIO-SOCIO SOCIO-ISO ISO-SOCIO ISO-ISO 
MALE - FEMALE rearing condition 
MALE BEHAVIOR. There are influences of the rearing condition of the male on all kinds of 
behavior. Of course, there is an interrelation between the frequencies of sexual behavior and 
other behaviors. Iso-reared males walk, sit, explore, rear, withdraw, approach more and perform 
less mount/intromissions and ejaculations than socio-reared males. The rearing condition of the 
female has also significant effects on male behavior. Especially the II-dyads shows less attempts 
to mount, mounts, mount/intromissions and ejaculations. Concerning the frequencies of male 
behavior the following results are important. Iso-reared males show more approach behavior 
than socio-reared males and also more withdrawal behavior. This is an indication of more 
approach-avoidance oscillations of the iso-reared male rats. The number of mounts and attempts 
to mount show an interaction between the rearing conditions of the male and the female; iso-
reared males show the most attempts to mount towards a socio-reared female and the least 
towards an iso-reared female. Concerning the mount/intromissions and ejaculations only main 
effects are found: the socio-reared males performing the best. 
The frequencies of the male sexual behavior in the four dyads are illustrated in figure 4.12. On 
the whole the frequencies of male behavior are significantly determined by the rearing condition 
of the male (Fio,26 = 3 · 9 8 . P<0.01). 
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Group companson by Duncan post-hoc (a=.05). Non-significant F-values are omitted from the table. 
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The latencies of the behavior of the male in the open-field when a female is present are 
determined by the reanng conditions of the male and tend to be determined too by the reanng 
condition of the female (see multivanate analyses in table 4 7b) In the beginning of the 
behavioral sequence the iso-reared males show shorter latencies in their withdrawal behavior than 
socio-reared males, and tend to be delayed in performing genital inspection and following 
behavior Especially the iso-reared male in combination with the iso-reared female show long 
latencies for sexual behavior. 
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Latencies are the antilog of the mean logarithms of the raw latencies (geometric mean) Group comparison by 
Duncan post hoc (a= 05) Non significant F values are omitted from the table 
FEMALE BEHAVIOR. On the whole the frequencies of the female behavior are determined 
by the male as well as by the female reanng condition (see multivanate analyses table 4 8a) The 
frequencies of approaches towards the male and withdrawal from the male are determined by the 
reanng conditions of the male and the female In the II-dyads the frequencies are the highest, 
indicating more approach-avoidance oscillations when iso-reared animals are part of the dyad 
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Group comparison by Duncan post hoc (a= 05) Non significant F values are omitted from the table 
Demonstrate and fix are typically female solicitation behaviors The frequency of these 
behaviors is affected significantly only by the male reanng condition (Fii35=12 86, p<0 001) 
The occurrence of these behaviors is dependent on stimuli given by the male The frequency of 
lordosis shows an interaction between the male and female reanng condition in the Π-dyads less 
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lordosis is seen than in the other combinations. The occurrence of lordosis with intromission or 
ejaculation is determined both by the rearing condition of the male and female in an additive way. 
Only the behavior genital grooming is determined solely by the rearing condition of the female. 
The occurrence of this behavior can therefore seen as the result of female initiation.The latencies 
for most female behavior are determined by both the rearing condition of the male and the female. 
In iso-reared females demonstrate, fix, lordosis, lordosis/intromission, lordosis/ejaculation, and 
tum to are delayed. Approach and withdrawal are not affected. 
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Latencies are the antilog of the теал logarithms of the raw latencies (geometrie mean). Group comparison by 
Duncan posi-hoc (a=.05). Non-sigmficanl F-valucs are omitted from the table. 
It is obvious from these data that the rearing conditions of both the male and female rat affect 
the initial sexual performance. Iso-reared rats, males and females, attain less mount/intromissions 
and ejaculations and show more approaches towards and withdrawal from the partner as an 
indication of more oscillations in their behavior. 
Analysis of the behavior sequence 
No earlier reports show deficits in female sexual behavior after social isolation during the 
socialization and juvenile period (see introduction experiment 5). The results of the sex test in the 
open-field show clear effects of social isolation on male and female sexual behavior, mainly as 
additive effects. As is obvious from the introduction the cause of the deficits are not traceable by 
the aspecific method of isolation used in these experiments. However, the behavior sequence 
may enlighten the kind of dysfunction that hampers the sexual behavior. The analysis of the 
behavior sequence is done in a simple way described by Van Hooff (1982). From the 15 
behavior categories used in this experiment a following-preceding transition matrix is made with 
a zero off-diagonal and a number of logical zeros (impossible behavioral transitions). The 
expected frequencies are calculated using the iterative method of Goodman (1968) in which 
corrections for logical zeros are made by distributing the expected frequency of the logical zero 
over the other cells of the same rows and columns. The analysis of residuals (Haberman, 1973) 
gives more information about the dependence of behavior categories upon the preceding behavior 
by calculating to which degree and in which direction an observed transition (o) frequency 
deviates from the expected (e) frequency. The standardized residual is a measure that shows us 
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The major sequence found in the male behaviors is as follows (figure 4.13a). 
Figure 4.13a. Kinematic path 
diagram of the behavior of a socio-
rcared male rat in an open-field 
tested with a socio-rcarcd female 
partner. The significance of the 
behavioral transition is presented 
in the thickness of the arrows 
(q>5). The frequency of the 
transition is expressed in the 









The male performs a number of non-sexual behaviors in the open-field. Usually from sitting 
behavior the male starts approaching the female who is then explored and anogenitally inspected. 
When the female hops and darts away the male follows her. He climbs and attempts to mount 
and resumes the behavior 'follow' after such attempts. The behavior 'follow' is followed by a 
mount with or without intromission or ejaculation. After mounting, the male grooms its genitals 
and sometimes its fur. The male then sits for a while and performs maybe some non-sexual 
behaviors and then resumes the same sexual cycle again until ejaculation has occurred after which 
there is a longer bout of non-sexual behavior as sitting, rearing and walking. During the post-
ejaculatory period 22 kHz ultrasound is produced. The males in the other dyads show a number 
of deviations of the normal pattern. They are, however, more based on differences in latencies 
and frequencies over a thirty minute period which is in agreement with the findings of Thor 
(1980). The socio-reared males paired with an iso-reared female show a significant transition 
from exploration of the female to avoidance of the female, more transitions from follow behavior 
to attempts to mount and less to ejaculations. The iso-reared males in the socio-reared male and 
iso-reared female dyads and the iso-reared male and iso-reared female dyads show the same 
deviations from social male sexual behavior. The iso-reared males show an immediate transition 
from approach to anogenital inspection, transitions from exploring the female to avoidance of the 
female or walking behavior, thus interrupting the normal behavioral sequence. They also show 
significant transitions from sitting behavior to grooming behavior, a transition not found in 
socio-reared males. The sexual behavior of the females shows a less cyclic pattern than the 
pattern of the males. The normal sequence of the socio-reared female of a dyad with a socio-
reared male is characterized by a rather loose sequence of demonstrating and fixating followed by 
lordosis behavior which in tum is followed by non-sexual behavior. This sequence of behavior 
has no explicit starting point and is most probably initiated as a reaction to male behavior. Only in 
the non-sexual behavior a cyclic sequence seems to be present. Comparison between the different 
females in the different dyads is not very fruitful. The kinematic graphs of the males and females 
in the four fixed combinations do not show very striking differences (only the graph of the SS-
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dyad is shown) Although the frequencies of behavior differ greatly between the dyads, the 
pattern of behavior seems to be quite the same 
(presentJ { demonstrate J 
Î Figure 4 14a Kinematic path diagram of the behavior of a socio 
reared female rat in an open-field 
tested with a socio reared male 
partner The significance of the 
behavioral transition is presented 
in the thickness of the arrows 
(q>5) The frequency of the 
transition is expressed in the 
thickness of the boxes 
STAND. RES 
к. 10>q>5 
- ^ - 15>q>10 10>f>0 50>f>10 
f>50 
The frequencies of approaches and withdrawals differ greatly between the socio-reared and 
iso reared rats It is important to unravel more precisely the differences in transitions between the 
behavior sequences of the different dyads However, to my knowledge there are no formalized 
ways to compare the measures of behavioral transitions based on standardized residuals There 
are, however, at least a number of methods to compare statistically proximity matrices The 
frequencies of transitions between the behaviors are rank correlated with each other resulting in a 
matrix with rank correlations for preceding and following behaviors dependent on correlations 
between rows or between columns These matrices of correlations were compared among dyad 
combinations using the methods given by Van Bergem et al (1986) The quadratic assignment 
technique resulted in rather high correlations between the matrices (for example 0 81 between 
SS males and Π-males) and because the quadratic assignment technique generates the distribution 
of the correlation coefficient under the hypothesis of no similanties between entnes, rejection of 
the null hypothesis implies a significant degree of correspondence between the behavior patterns 
of the SS-males and II-males This was also found for the relation between the transition 
matnees of the SS-females and the II-females, which are the most distant combinations in the 
female sequences There is a significant degree of correspondence between the matnees of all 
males, and of all females Although there are significant differences in frequencies of behavior 
between the dyads in male and female behavior there is a significant similanty between all dyads 
concerning the behavior pattern In my opinion, however, these results are not satisfying because 
it is obvious from video-registrations that some behavior patterns are more common in II-males 
for instance than in socio-reared males 
To compare interactions in the different combinations a new method is introduced using 
standardized residuals It is known that the rpembers of a dyad are either brother or sister of the 
members of other dyads (10 litters are used) It is therefore possible to match all combinations 
In a normal sexual situation the frequencies of transitions of the socio-reared male-socio-reared 
female dyads are to be expected To calculate the standardized residuals of the other combinations 
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(dyads) the transition frequencies of the SS- combinations are used as the expected frequency 
(e
ss
) in formula (4.2): 
[ q = ( - ^ ] 
Vess 
contrary to the normal use of calculating the expected frequency by formula (4.1). These new 
standardized residuals mean that there are no differences in the behavior sequence of a certain 
combination with respect to the SS-combinations. Figure 4.13b, c, d shows these differences for 
the males. 
Figure 4.13b. Kinematic path 
diagram of the differences in 
behavioral uansilions of a socio-
rearcd male rat in ал open-field 
tested with a iso-reared female 
partner, with respect to the 
behavior of males in the SS-dyads. 
The significance of the behavioral 
transition differences is presented 
in the thickness of che arrows 
(q>5). The frequency of the 
transition differences is expressed 
in the thickness of the boxes. 
Black arrows show the 
significantly higher number of 






Figure 4.13a shows the normal behavioral sequence of a male rat in the socio-reared male-
socio-reared female (SS) dyads as a reference. The socio-reared male in combination with a iso-
reared female (figure 4.13b) shows a number of transitions that occurs significantly more than in 
the SS-dyad. Follow behavior is more followed by anogenital inspection, walking and rearing 
behavior and approach behavior by walking. The normal behavior sequence is more often 
interrupted by non-sexual behavior than in socio-reared males with a socio-reared female partner. 
Figure 4.13c. Kinematic path 
diagram of the differences in 
behavioral transitions of an iso-
reared male rat in an open-field 
tested with a socio-reared female 
partner, with respect to the 
behavior of males in the SS-dyads. 
The significance of the behavioral 
transition differences is presented 
in the thickness of the arrows 
(q>5). The frequency of the 
transition differences is expressed 
in the thickness of the boxes. 
Black arrows show the 
significantly higher number of 
Uansilions with respect to the SS-
dyad. 
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CHAPTER IV. SOCIAL ISOLATION AND OSCILLATION 
In iso-reared males a lot of non-sexual behavior transitions are found compared to the socio-
reared males (figure 4.13c and d). Especially by iso-reared males in a dyad with iso-reared 
females less transitions between follow and mount with or without intromission followed by 
genital grooming are found, and much transitions in the non-sexual (non-social) behavior. 
(chmb) 
Figure 4.13d. Kinematic path 
diagram of the differences in 
behavioral transitions of an iso-
reared male ral in an open-field 
tested with a iso-reared female 
partner, with respect to the 
behavior of males in the SS-dyads. 
The significance of the behavioral 
transition differences is presented 
in the thickness of the arrows 
(q>5). The frequency of the 
transition differences is expressed 
in the thickness of the boxes. 
Black arrows show the 
significantly higher number of 
transitions with respect to the SS-
dyad. Grey arrows show the 
significantly lower number of 
transitions with respect ω the SS-
dyad. 
Figure 4.14a shows the normal behavioral sequence of a female rat in the socio-reared male-
socio-reared female (SS) dyads as a reference. 





lordosis 1 (genital groom J 
Figure 4 14b. Kinematic path 
diagram of the differences in 
behavioral transitions of an iso-
reared female rat in an open-field 
tested with a socio-reared male 
partner, with respect to the 
behavior of females in the SS-
dyads The significance of the 
behavioral transition differences is 
presented in the thickness of the 
arrows (q>5) The frequency of the 
transition differences is expressed 
in the thickness of the boxes 
Black arrows show the 
significantly higher number of 
transitions with respect to the SS-
dyad Grey arrows show the 
significantly lower number of 
transitions with respect to the SS-
dyad. 
The iso-reared female in combination with a socio-reared male (figure 4.13b) shows a number 
of transitions that occur significandy more often than in the SS-dyad. Most important is that the 
transitions from approach to avoidance and from avoidance to approach occur more frequently 
FREQUENCIES 
C D 10>f>0 
Í—> 50>f>10 
^ П f>50 
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than in the SS-dyad, indicating more approach-avoidance oscillations in the behavior of these 
females. The more frequent transitions of lordosis behavior to avoid and walk, and 
lordosis/intromission to sit maybe indicative of the aversive character for the female of the male 
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Figure 4.14c. Kinematic path 
diagram of the differences in 
behavioral transmons of an socio-
rearcd female rat in an open-field 
tested with a iso-rcared male 
partner, with respect to the 
behavior of females in the SS-
dyads. The significance of the 
behavioral transition differences is 
presented in the thickness of the 
arrows (q>5). The frequency of the 
transition differences is expressed 
in the thickness of the boxes. 
Black arrows show the 
significantly higher number of 
transitions with respect to the SS-
dyad. Grey arrows show the 
significantly lower number of 
transitions with respect to the SS-
dyad. 
The socio-reared female in combination with a iso-reared male (figure 4.13c) shows a number 
of transitions that occurs significantly more often than in the SS-dyad. Most important is that, 
also in this dyad, the transitions from approach to avoidance and from avoidance to approach 
occur more frequently than in the SS-dyad, indicating more approach-avoidance oscillations in 
the behavior of these females. 
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Figure 4.14d. Kinematic path 
diagram of the differences in 
(lordosis ) (genital groom J behavioral transitions of an ι » 
ν У > У геягеп fp.malp. rat in an onp.n-tielf 
Nordosis/intro ) 
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reared e le  i   ope fi ld 
tested with a iso-rcared male 
partner, with respect to the 
behavior of females in the SS-
dyads. The significance of the 
behavioral transition differences is 
presented in the thickness of the 
arrows (q>5). The frequency of the 
transition differences is expressed 
in the thickness of the boxes. 
Black arrows show the 
significantly higher number of 
transitions with respect to the SS-
dyad. Grey arrows show the 
significantly lower number of 
transitions with respect to the SS-
dyad. 
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On the whole, the adjusted residuals are lower than in the SI-dyad, for instance less 
oscillations are found. However, the number of transitions deviant from the number of 
transitions in the SS-dyad are larger, especially in non-sexual behavior. Furthermore, less 
present, demonstrate and fix is found in this group. So in this dyad sexual behavior is affected 
too.The iso-reared female in combination with a iso-reared male (figure 4.13d) shows a number 
of transitions that occur significantly more than in the SS-dyad. Most important is that in this 
dyad too the transitions from approach to avoidance and from avoidance to approach occur more 
frequently than in the SS-dyad, indicating more approach-avoidance oscillations in the behavior 
of these iso-reared females. On the whole, the adjusted residuals are lower than in the SI-dyad, 
for instance less oscillations are found. However, the number of transitions deviant from the 
number of transitions in the SS-dyad are larger, especially in the non-sexual behavior, just like 
the behavior of the female in the SI-dyad. Furthermore, less transitions from demonstrate to fix 
and from fix to demonstrate or lordosis and lordosis/intromission are found in this group. The 
sexual behavior in this dyad is also affected. The behavior of the female in the II-dyad is much 
like the behavior of the female in the SI-dyad.Compared to the SS-dyad the female behavior in all 
other dyads shows more approach and avoidance oscillations. In combination with an iso-reared 
male less demonstrating and fixating behavior is found and especially in the iso-reared females 
less transitions from fix to lordosis are found. 
Beck (1981) showed that the correlation in behavior between partners in a fixed dyad is larger 
than in dyads with changing partners. Social isolation is also a variable that could affect the 
integration and correlation of the male-female dyad. To calculate these correlations the 
information-statistical approach is used for the analysis of the behavioral transitions. In the 
information-statistical approach the degree of uncertainty is computed for all transition matrices 
(see for example Steinberg, 1977). The maximum likelihood estimator of the amount of 
information is the number of bits required to choose possible behaviors. The number of bits is 
calculated by the formula: 
Α(Χ)=4Γ [N.log2 N - Xinilogzni)] 
i=l 
where N is the total number of occurrences of all events and nj the number of occurrences of 
event i. H(x) is the information in the preceding acts of an individual, H(y) is the information 
contained in the following acts, but this is on average equal to H(x). 






Socio Socio Iso Iso 
Socio Iso Socio Iso 
3.27 3.21 3.21 2.98 
5.17 5.10 5.23 4.94 
1.38 1.32 1.20 1.01 
0.42 .41 .37 .34 
Cf Q CtxQ 
F ρ F ρ F ρ 
7.33# .010 8.08« .007 2.62 .114 
.29 .591 4.35· .044 1.64 .208 
3S.02# .000 9.04« .005 2.33 .136 
35.73« .000 4.64· .038 1.23 .275 
Normalized transmission l(xy) shows the proportion of following behavior, predictable from preceding behavior. 
Й(ху) is the information in the cells (transitions of behavior χ in behavior y). 'f'(xy) is the 
transmission of information from behavior χ in behavior y. In formula "f (xy)=A(x)+H(y)-H(xy). 
If "f(xy) is equal zero then no information is in the transition matrix; behavior χ is randomly 
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followed by behavior y. t(xy) is the normalized transmission» corrected for the amount of 
information in Й(у). It is the proportion of reduction of uncertainty in behavior у by knowing 
behavior x. The results of the methods are estimates of the number of bits information in each 
individual matrix. These measures are analyzed in an ANOVA.The information given in the 
transition matrices of the socio-reared males is significantly larger than in the transition matrices 
of the iso-reared males (table 4.9a). The normalized transmission - the proportion of behavior 
predictable from preceding acts - is lower in iso-reared males (Fi)35=35.73, p<0.001). Less 
transmission takes place i.e. the behavior is less predictable from preceding acts in iso-reared 
males. There is also a significant influence of the rearing condition of the female in the dyad on 
the normalized transmission of the males(Fii35=4.64, p<0.05). 
















































Normalized transmission t(xy) shows the proportion of following behavior, predictable from preceding behavior. 
In the females no differences are found concerning the amount of information in the transition 
matrices (table 4.9b). The transmission in females is, however, significantly larger than in males, 
i.e. the behavior of the female is more predictable in this test situation. This is in agreement with 
the literature on the effects of social isolation in male rats. The normalized transmission is only 
marginally significant on the factor rearing condition of the female (Fit35=3.63, p<0.10). The 
predictability of the behavior sequence of the female is more dependent on the behavior of the 
male; significant differences are found between dyads with socio-reared males and iso-reared 
males (Рі,з5=30.44, p<0.001). 
Λ 
TABLE 4.10. Johnson-Neyman analysis of normalized transmissions t(xy) of the males and females in the dyads. 
Dyad С? - Q Group 
Socio - Socio 1 
Socio - Iso 2 
Iso - Socio 3 
Iso - Iso 4 
л 
Differences at t(xy) 
group 1 - group 3 
group 1 - group 4 
group 2 - group 3 






r Τ ρ 
.46 3.66# .008 
.48 3.84# .007 
.69 6.59# .000 






.29 .31 .33 .35 .37 .40 .42 .44 .46 .48 .50 
$ s s $ $ $ $ $ $ $ $ $ $ 
$ $ $ $ 
Equal numbers per group are required so dala of litter 5 are removed from the analysis. All within cell correlations are 
significant. Differences between groups are significant at a=0.05 ($) for 10 intervals (see also figure 4.15). 
The relation between the male and the female behavior in a dyad is determined. A problem 
was that the video registrations not always allowed to record precisely the behavior of both 
animals in the dyad, so only protocols of the separate individuals were taken. The Johnson-
Neyman technique (see statistical analysis in chapter II) gives the possibility to compare the 
relation between the normalized transmission of the male and female as proportions of 
predictability of the behavior (table 4.10 gives data from a BASIC modification of the program of 
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Pigache, Graham and Freedman, 1976). The nomialized transmission rates of males and females 
are significantly correlated in all four dyads. The relation between the socio-reared males and 
their partners is, however, different from the relation between iso-reared males and their partners 
(figure 4.15). 
0,60 
Figure 4.15. Correlation 
between normalized transmission 
rates of males and females in the 
open-field sex test 
τ • ι 
0,20 0.30 0,40 0,50 
MALE NORMALIZED TRANSMISSION 
0.60 
The slope of the relation shows that the amount of influence of the female is less in the dyads 
with a socio-reared male than in the dyads with iso-reared males. Furthermore, the difference 
between animals are found at low normalized transmissions, i.e. in the situation that the behavior 
of the male is the least predictable. The normalized transmission is higher in females than in 
males. The behavior sequence of iso-reared males in combination with iso-reared females is the 
least predictable. Note that in the dyads with an iso-reared male the regression line has an 
intercept near the origin. The behavior is equally determined by both partners, while in the dyads 
with a socio-reared male the male determines the behavioral sequence more than the female. 
DISCUSSION 
Experiment 5 was redesigned and some of the findings formed the basis of this experiment. In 
this experiment fixed dyads of rat pairs were used and trained for a fixed time. The subjects were 
from a total of 10 litters. Only litters with four males and four females were used. Half of them 
were housed on their own (iso-reared ones), half were housed in pairs (socio-reared ones). The 
dyads used in the experiment were the socio-reared male - socio-reared female (SS-dyad), socio-
reared male - iso-reared female (Sl-dyad), iso-reared male - socio-reared female (IS-dyad) and 
iso-reared male - iso-reared female (U-dyad). 
Speed of conflict resolution 
In the runway the appetitive and aversive aspects of sexual contact are investigated. Male and 
female rats were trained to run to their tethered partner in the goalbox of runway II. Animals that 
ran first are called first starters, animals that were first tethered and were trained two hours later, 
were called second starters. In the analysis of the first starters effects of the rearing condition of 
the Partner and no rearing condition of the Subject effect is found. Males are slow as first 
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starters. Female first starters seem to be especially reinforced to run for an iso-reared male 
partner, suggesting that social and not sexual contact plays a significant reinforcing role in the 
speed of conflict resolution in this group of females. In the second starters group the rearing 
condition of the Subject, but not the rearing condition of the Partner played an important role. 
Socio-reared animals and especially males have the shortest CS- and goal latency. In the second 
starters a rearing condition of the Subject effect is found. Socio-reared animals are faster in 
reaching the goal than iso-reared subjects. The difference between the two 'starter' groups has to 
be explained. One of the important differences between the two groups seems to be the 
motivation of the animals. The last experience of the first starters in the alley was being a 
stimulus animal 10 days before the experiment. The second starters had experience as a stimulus 
animal one and a half hour before the experiment, probably resulting in a higher approach 
motivation. 
Initial sexual performance 
In an open-field the animals received their first sexual experience with the partner. Social 
isolation has a striking effect on sexual behavior of male as well as female rats. The number of 
ejaculations of the male in a 30 minute session is not only dependent on his own performance, 
but also on the performance of the female. Although all iso-reared females were in behavioral 
estrus, they seem to be very sensitive for tactile contact and hence tried to avoid the male after his 
climbings or attempts to mount. Socio-reared males could reestablish partly a normal 
performance in these dyads. However, in only two pairs of the II-dyads ejaculations occurred. 
Thus, especially in the Π-combination the performance was very bad. This result revealed that 
social isolation has a significant influence on male rats, but also a significant influence on females 
(ovariectomized), contrary to other reports (Duffy and Hendricks, 1973, Hansen, 1977). The 
impression of the sexual behavior of the iso-reared male was the one given by Folman and Drori 
(1965) in their second experiment: 'All the iso-reared males exhibited a lively interest in the 
females and attempted to copulate but consistently failed to do so. They showed interest in the 
females whenever tested but were unable to copulate owing to improper orientation. When placed 
with the receptive females, the males immediately began to crawl under and step over them. They 
nuzzled and sniffed the females and circled them with increasing speed. Some ran about the box 
in a way suggesting great excitement.' It is obvious that during this 30 minutes sexual test iso-
reared animals show big differences compared with socio-reared animals. The finding that female 
sexual behavior is less efficient after social isolation is not earlier presented in literature. The 
behavioral correlation of female partners with socio-reared males in a dyad are different from the 
behavioral correlation with iso-reared males in the dyad, suggesting a worse co-ordination in the 
latter case. The predictability of the behavior sequence was lower in iso-reared animals than in 
socio-reared animals, especially in dyads in which an iso-reared male was present. This effect of 
social isolation during ontogeny resembles the effect found in other species, for instance pigs 
(Schouten, 1986). Iso-reared animals showed larger frequencies of approaches and withdrawals 
with respect to the partner in the sex test in the open-field. The behavioral sequential analysis 
showed that at least in females transitions from approach into avoidance and from avoidance into 
approach were more frequent, and are therefore approach-avoidance oscillations. The occurrence 
of these oscillations was expected as a result of social isolation. 
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Runway behavior 
In the runway effects of the rearing condition were found in several variables, especially in the 
number of small oscillations and mount/intromissions. Oscillatory behavior is more frequent in 
iso-reared animals compared to the socio-reared animals. Social isolation leads to less 
intromissions in case males are the experimental animals, but also in case females are 
experimental animals. This result is comparable with the sexual performance in the open-field. 
In the first starters females have a shorter latency to reach the goal than males. The rearing 
condition of their partner plays a significant role. Females run faster to an iso-reared male than to 
a socio-reared male, suggesting that the stimulus male is rather a social reinforcer than a sexual 
reinforcer. Males stay longer with the stimulus female than females with the stimulus male. For 
males the sexual contact seems to be more appetitive than for females. The initiation of the 
behavior sequence is of crucial importance. Males as first starters are slower than females. As 
second starters there are no differences between the sexes. In first starters a partner effect was 
found pointing to approach behavior that was extrinsically elicited by cues of the partner. This 
extrinsic approach points to an avoidance-approach conflict (Heilizer, 1964). Second starters are 
primed (Gray, 1975) by their first experience that day and have at the time of testing a more 
intrinsic approach, indicating an approac/i-avoidance conflict. The differences in behavior 
between first and second starters is in agreement with this supposition and is particularly found 
in male rats. 
One possible explanation of the effects of social isolation is based on a hormonal evaluation. 
Social isolation in male rats leads to lower testosterone levels (Dessi-Fulgheri et al., 1976), less 
persistence (Thompson and Wright, 1979), less inhibition of responding (Morgan, 1973), more 
behavioral oscillations (Peys, 1977) and slower conflict resolution (this thesis). These behavioral 
observations are all in agreement with each other, and they may be linked to the plasma 
testosterone level. Iso-reared males have lower testosterone levels than socio-reared males and 
the lower levels negatively affect sexual performance and speed of conflict resolution. 
A hormonal explanation for female behavior is less easy, because the hormones are 
administered to them by injection, so all of them are artificially in estrus. It is, however, known 
that females in behavioral estrus are faster in conflict resolution (Rodriguez-Sierra et al., 1984) 
than females in diestrus. In experiment 5 a difference was found concerning the moment when 
the females were found to be in estrus. Iso-reared females appeared to be in diestrus at the 
beginning of the experiment. Possibly iso-reared females are influenced in an other way than 
socio-reared females by the administration of estrogen and progesterone. The reinforcing effect 
of copulation - after the administration of progesterone (De Jonge and van de Poll, 1986) - may 
be stronger in socio-reared females than in iso-reared females. 
CHAPTER SUMMARY AND DISCUSSION 
At the beginning of the socialization period there is a poor balance between approach and 
avoidance behavior, resulting in approach and avoidance behavior following each other in 
sequence (successive ambivalent behavior). During the socialization period the successive 
elements of behavior are integrated to or replaced by behavior in which both approach and 
avoidance tendencies are united (simultaneous ambivalence) or in complete avoidance behavior. 
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Especially normal socio-reared animals, in their adult life, can perform simultaneous ambivalent 
behaviors in situations of motivational conflict. Rats reared in isolation, however, often perform 
successive ambivalence. Their behavior looks like juvenile behavior performed in adult life. The 
successive ambivalence of approach and avoidance behavior results in quick oscillations between 
approach and avoidance behavior especially in social contexts. Iso-reared rats are hyperactive and 
hyperreactive (Dalrymple-Alford and Benton, 1984). One of the explanations of the isolation 
phenomenon is that the iso-reared animals are not able to inhibit certain behaviors to adjust to the 
social and non-social environment (Morgan, 1973). Maybe they are not able to selectively react 
on biological relevant stimuli or - in other words - are not able to habituate to irrelevant stimuli, 
or are not able to leam to inhibit approach behavior towards or to avoid the irrelevant stimuli. 
In this chapter the impact of oscillatory behavior on the speed of conflict resolution is 
examined by manipulating the rearing conditions of the animals. Social isolation results in a 
considerable increase of approach-avoidance oscillations in a social conflict (Peys, 1977). In a 
social (sexual) and non-social (feeding) context predictions about the speed of conflict resolution 
are verified. Oscillations may have a decelerating influence on the resolution of an approach-
avoidance conflict. Thus the effects of social isolation on the speed of conflict resolution are 
investigated with the hypothesis that this speed is slower in iso-reared animals. The occurrence 
of more oscillations in approach-avoidance behavior in iso-reared rats is confirmed. This 
occurrence parallels a slower speed of conflict resolution in the conditioned punishment 
paradigm. This finding is important, because it is stressed by Heilizer (1977b) that oscillations 
are of great conceptual importance for the approach-avoidance conflict model of Miller, but that, 
however, no research has taken place to investigate the influence of oscillations on approach-
avoidance behavior. 
The latency to face the conflict situation is rather different for male and female rats as is 
investigated in a socio-sexual context. Female rats (artificially in estrus) showed on the whole a 
higher activity than male rats and took much more initiative in approaching the goal. However, in 
the second test group where all animals were primed, males appeared to be more active in 
approaching the goal. An attempt is made to explain these differences in terms of hormonal 
balance, which is altered artificially by injection, and by environmental manipulation. 
The fact that the number of oscillations during conflict resolution is associated with the speed 
of conflict resolution is important for behavioral motivational models. In an approach-avoidance 
conflict model (see chapter I and III) a mechanism must be at work that is able to avoid 
oscillations between behaviors when the tendencies for those behaviors are equally strong. For 
instance, persistence in behavior or a 'locking on' mechanism (Wiepkema, 1971) have to be 
incorporated in the motivational model. On the other hand it is important for the animal to show 
at least a number of oscillations in behavior to overcome persistent avoidance behavior and 
enabling the animal to resume approach behavior in the long run. Thus, oscillatory behavior must 
be balanced in the animal. Too few behavioral oscillations can lead to rigidity in behavior 
resulting in false or even disastrous decisions. Too many oscillations are time consuming in the 
decision-making process. Both can lead to slow speed of conflict resolution which could have an 
effect on the survival of the subject. The Miller model lacks a stabilizing mechanism that takes 
caie of balanced oscillations in behavior. 
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CHAPTER V. APPROACH, AVOIDANCE AND CONFLICT 
RESOLUTION 
CHAPTER INTRODUCTION 
In this chapter the question will be asked whether differences between groups found in the 
conditioned punishment test could be related to, or even predicted by approach or avoidance 
differences in behavior separately. The amount of approach learning was estimated from goal 
latencies during approach training, the approach performance from the baseline approach. In 
order to investigate avoidance tendencies in the groups, separately from approach or conflict 
behavior, the shuttlebox test was used to estimate active avoidance tendencies. Reasons for this 
proposition were that according to Yelen (1976) Miller's conflict model (1959) describes an 
approach-flcftve avoidance conflict, which favors measuring active avoidance acquisition in the 
shuttlebox. Furthermore, passive avoidance performance is indirectly measured in the first 
recovery session (see chapter II) and can also be related to the speed of conflict resolution. 
For some groups the shuttlebox data have been obtained by other researchers from the 
institute who used the same shuttlebox configuration. In each experiment speed of conflict 
resolution received the most emphasis, but also relations between measures of conflict behavior 
and measures of approach and avoidance behavior are shortly discussed. As a point of departure, 
group differences in approach, active and passive avoidance are treated as group differences in 
learned causal factors (Brown, 1948). Based on postulate H1 of Miller's model group 
differences in approach or avoidance measures can be ascribed to group differences in approach 
'Postulate H of Miller's conflict model: the strength of teamed drives, like that of other learned responses, 
varies inversely with distance from the point of reinforcement. 
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or avoidance tendencies. According to the summation-hypothesis of Miller (1959; postulate D2) it 
is tried to calculate group differences in conflict points on the basis of group differences in 
approach and avoidance tendency, and hence predict group differences in the speed of conflict 
resolution (see chapter Ш for the relation between conflict point and speed of conflict resolution). 
Short approach latency is judged as high approach tendency, short latency in first recovery 
(passive avoidance) as low avoidance tendency and no avoidance responses in active avoidance 
as low avoidance tendency. In the chapter summary, data from all experiments concerning 
approach, passive avoidance, active avoidance and conflict resolution are integrated and finally 
discussed in the chapter discussion. 
Apart from the question concerning differences between groups, the influence of genetic 
factors on approach-avoidance conflict and the speed of conflict resolution are investigated. The 
influence of the genetic background of a characteristic can be estimated from genetic techniques 
as diallel cross, classical Mendelian cross and triple test cross (see for example Mather and Jinks, 
1982). However, in the first place it is important to investigate whether differences between 
genotypes concerning the speed of conflict resolution really exist and to compare the 
performances of pairs of different strains of rats to estimate the nature of these differences. For 
the first question (relation between approach, avoidance and conflict resolution) and for the 
second question (difference between genotypes) the groups in the experiments described 
consisted of different strains. 
At first, the results obtained from the Wistar rats that are used in previous experiments are 
compared with a number of other strains. An important guideline for the selection of these other 
strains was their open-field activity. Some strains (Brown-Norway, Wistar Kyoto, Tryon Maze 
Bright and the Roman Low Avoidance strains) show little habituation in the open-field 
concerning their locomotor activity as measured via line crossings. This means, that the amount 
of locomotor activity of these strains on the second day in the open-field is roughly equal to the 
amount of activity on the first day of the open-field test. Other strains like the Wistar, 
Spontaneously Hypertensive Rats, Tryon Maze Dull and Roman High Avoidance show a pattern 
of strong decrease in locomotor activity over two days. In the next chapter (VI) the relation 
between open-field activity and the speed of conflict resolution is described. At the moment it is 
only important to know that selection of the strains used in the experiments described here was 
mainly based on a simple pre-test: the Open-Field test. 
In summary, in this chapter two main questions are investigated: 
1) Can differences in groups concerning the speed of conflict resolution in an approach-
avoidance conflict be understood in terms of differences in approach or avoidance 
behavior separately? 
2) Is the observed behavior in conflict situations influenced by variation in genotype? 
^Postulate D of Miller's conflict model: the strength of tendencies to approach or avoid vanes directly with the 
strength of the drives upon which the tendencies are based. An increase in drive raises the height of the entire 
gradient. 
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EXPERIMENT 7. SPEED OF CONFLICT RESOLUTION OF WISTAR AND 
BROWN NORWAY RATS IN THE RUNWAY 
INTRODUCTION 
The Brown Norway (BN) rat is an inbred strain used mainly in research on aging. Not much 
has been published about their behavior in standard psychological tests. However, the 
impression exists that this strain is behaving quite specially in several experimental situations. 
Van Luijtelaar et al. (1988) describe the shuttlebox behavior of the BN strain. Their performance 
is surprisingly bad, in fact as low as the performance of the Roman Low Avoidance strain, a 
strain that has been selected especially for low scores in the shuttlebox. In the passive avoidance 
test the animals show an extremely short latency for entering the shock chamber after 24 hours 
(McCarty, Kirby and Gam, 1984). There seems to be almost no retention in males as well as 
females. In the open-field Brown Norway rats are rather active and show no habituation, i.e. no 
strong decrease in locomotor activity during the first two open-field test days (McCarty, Kirby 
and Gam, 1984 and Van der Staay, in press). 
The effects of social isolation were investigated in chapter IV. Rearing rats in social isolation 
after weaning slows down the speed of conflict resolution. In the experiments described in that 
chapter only Wistar rats were used as experimental subjects. In the experiment described here the 
factor Rearing Condition was added to investigate the possible effects of social isolation in 
strains other than Wistars. 
METHODS 
Subjects 
Subjects were 8 experimentally naive random bred Wistar rats (Wu(SPF63Cpb)) bred in our 
laboratory from parent rats obtained from the Central Institute for the breeding of Laboratory 
Animals (TNO), Zeist, the Netherlands. 8 Brown Norway inbred rats (BN/Bi/Rij) were obtained 
from TNO, Rijswijk, the Netherlands. Two litters with two males and two females were 
selected. One male from one litter was housed together with one male from the other litter. The 
other males were housed alone. The same procedure was followed with respect to the females. 
The Wistars were weaned at 25 days of age, the Brown Norways at 33 days of age. All animals 
were housed in a stockroom adjacent to the experimental room on a reversed light/dark cycle with 
lights off at 8.00 a.m and on at 8.00 p.m. Training and testing occurred during the dark period 
under dim red light. Subjects were food deprived at 85% of their predeprivation free feeding 
weights when they were three months of age. They weighed 136-151 gms (BN females), 266-
281 gms (BN males), 208-252 gms (Wistar females) and 323-466 gms (Wistar males) at the 
beginning of the experiment. Ultrasound was recorded as described in chapter II. 
Apparatus 
The apparatus was the open-field and the Runway I configuration, described in detail in 
chapter II. 
Procedure 
Three days after the food deprivation schedule was started all subjects were tested in the 
open-field for 5 minutes on two consecutive days. On the following day they received 10 trials of 
magazine training. The first approach training consisted of 5 approach training trials. The Brown 
Norway rats were very slow and reacted quite differently on the experimental situation, 
compared with the Wistar strain (see results). The standard procedure, therefore, had to be 
changed for all rats. The following daily sessions were given: 5 magazine trials (animals were 
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placed in the goalbox while foodpellets were made available) and 5 back-approach trials (i.e. 
starting from the goal the alley could be explored, food was available in the magazine), 5 back-
approach and 5 approach trials. The last approach training session consisted of a maximum of 10 
trials or 10 minutes in the alley. The first trial of this session was the baseline approach trial. 
After aversive training one session of recovery training was given, consisting of a maximum of 
10 trials or a total of 10 minutes in the alley. The first trial of this session was the first recovery 
trial. Two hours before conditioned punishment testing one (baseline) recovery trial was given. 
RESULTS 
The training of the groups deviated from the training in other experiments: especially the 
Brown Norway rats showed much hesitation to enter the goalbox. They walked up and down 
through the alley exploring the walls and the gridfioor. Suddenly they ran to the goalbox and ate 
the foodpellets. It seems that they learned very well where the food could be found, but the 
latency to reach the goalbox did not shorten with an increasing number of approach training 
trials, contrary to the results of earlier experiments with Wistars as experimental subjects. During 
the last approach training session Wistars received 8.35 trials in 10 minutes. Brown Norway rats 
6.75 trials. The experiment was continued, despite the many oscillations in approach behavior. 
In the shock session only the three male Wistar rats produced 22 kHz ultrasound (durations of 
65, 72 and 69 seconds), the Brown Norway males and females were quiet. During recovery 
training the Wistars received 7.20 recovery trials, the Brown Norway 5.75 trials. Table 5.1 and 
figure 5.1 show the results of training and testing. No Sex main or Interaction effect was found. 
The analysis is therefore presented only with the factors Isolation and Strain. 
2000' 
Figure S.l. Goal latency in 
approach, first recovery, baseline 
recovery training and in the 
conflict test for Wistar and Brown 
Norway rats. 
Wu socio Wu iso BN socio BN iso 
STRAIN - REARING CONDITION 
The baseline approach data show a strong Interaction between the factors Strain and Rearing 
Condition (F=19.19, p=0.001). Duncan post-hoc comparison (a=0.05) reveals two significantly 
different subsets: The socio-reared Wistars and the iso-reared Brown Norways are faster in 
approach than the iso-reared Wistars and socio-reared Brown Norways. In the baseline recovery 
the same Interaction is found (F=5.49* and Fstep=1.33). Duncan post-hoc comparison indicates 
that the socio-reared Wistars are faster in reaching the goal than the iso-reared Wistars. The 
Conflict data show a strong Strain main effect: the Wistar rats are slower than the Brown 
Norways in reaching the goal. The survival graph is omitted because all Brown-Norway were so 
fast in reaching the feared goal that they solved the conflict in the first test session. 
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N of subiccts 
Wu BN 
SOCIO ISO SOCIO ISO 
1 31 1 77 1 88 1 37 
1 64 2 18 2 03 192 
3 14 2 96 2 4 5 2 38 
199 2 14 2 10 2 19 
4 3 4 4 
STRAIN RCOND S χ R 
F ρ F ρ F
 n 
1 20 297 33 577 19 19# 001 
Step 
56 472 1 85 201 5.49· 039 
Step 36 562 1 75 215 1 33 274 
29 47# 000 1 00 338 25 625 
Step 21 35# 001 1 06 330 03 871 
20 665 34 571 03 873 
Step 3 03 120 05 827 00 952 
Data are lOlog transformed One male Wistar died reason unknown, leaving only three animals in the iso reared 
Wistar group RCOND = Rearing Condition 
D I S C U S S I O N 
Wistar and Brown Norway rats are compared in runway I concerning their speed of conflict 
resolution in the conditioned punishment paradigm The conflict in the conditioned punishment 
test is very rapidly resolved by the Brown Norway individuals They are faster than the Wistar 
rats conceming speed of conflict resolution Also no effect of the Rearing Condition is found on 
the goal latency in the conflict test During the shock session Wistar males produced ultrasound, 
but the Brown Norway males did not During approach and recovery the socio-reared Wistars 
were faster than the iso-reared Wistars This finding is consistent with results of Morgan et al 
(1977) and Greenough et al (1972) Iso-reared Brown Norway rats are faster than socio-reared 
BN rats during approach training, consistent with other findings of Morgan (1973) The 
difference between the strains in Isolation effect is, however, not easy to explain Furthermore, 
the behavior of the Brown Norway rats in this test is even more surprising When approaching 
the goal in the first conflict test, they encounter the aversive light halfway the runway All 
animals returned to the startbox while defecating and urinating on the mirror below them Their 
reaction on the aversive light seems to be more 'emooonal' than in any other group tested in the 
runway However, within the first sessions all subjects walked again into the alley after a short 
penod and went through the light in a crouching way They also seemed to increase their speed 
when they were nearer to the goal and eventually reached the goal extremely fast compared to 
other groups tested in the runway The emotional reaction upon the light indicates that they had 
learned the aversiveness of the light, but it did not stop them from going to the goal Van 
Luijtelaar et al (1988) found almost no reaction on the CS in the shuttlebox The Brown 
Norway, however, can leam the CS-UCS association as illustrated by their emotional reaction on 
the CS in the runway 
Although an explanation of the behavior of the BN is hard to give, there exists a parallel 
between the behavior of the Brown Norway rats and the behavior of alcoholics, as described by 
Heihzer (1964) Furthermore, the same behavior is also found in animals pushed to the goal 
during the first recovery (see for example the next expenment with the WKY strain) When in the 
approach-avoidance conflict model the approach gradient is steeper than the avoidance gradient -
in contrast with the postulate three of Miller (1959) - Heilizer (1964) called it an avoidance-
approach conflict. When the rat is pushed to the point of intersection of the avoidance gradient 
and the steeper approach gradient the rat runs suddenly to the goal, which can happen dunng the 
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first recovery. Heilizer uses this distinction to explain the different drinking patterns of humans 
in an approach-avoidance and in an avoidance-approach conflict. An арргоасЛ-avoidance conflict 
produces the normal - social - way of drinking (characterized by taking drinks and stopping at a 
certain point when the behavior gets out of control). The avoidance-approach conflict produces 
an excessive way of drinking, leading to alcoholism (in first instance avoiding to take a drink, 
but after the first one not even thinking of stopping). Theoretically an approacA-avoidance 
conflict has an intrinsic approach gradient and an extrinsic avoidance gradient (chapter II). An 
avoidance-approach conflict has an extrinsic approach gradient, and an intrinsic avoidance 
gradient resulting in a pattern of long hesitation before excessive approach (Heilizer, 1964). The 
way in which the approach training of the Brown Norway rats was hindered by their strange 
behavior, shows this avoiddnce-approach behavior. The conflict test shows it even more clearly. 
Maybe the Brown Norway strain can - with an appropriate control - act as an animal model for 
the behavior pattern of excessive drinking behavior. 
In summary, there is no simple difference between the groups in approach performance, 
although in socio-reared animals the BN are slower than the Wistars. No difference in passive 
avoidance (in recovery 1) was found, but in active avoidance BN rats are performing worse than 
Wistars (Van Luijtelaar et al., 1988). BN rats are much faster in conflict resolution. Simple 
summation of causal factors based on postulate D of Miller (1959), will predict this faster speed 
of conflict resolution in Brown Norway rats, because they perform less active avoidance 
responses than Wistars. 
EXPERIMENT 8. SPEED OF CONFLICT RESOLUTION OF WISTAR AND 
WISTAR KYOTO RATS IN THE RUNWAY 
INTRODUCTION 
The WKY (Wistar Kyoto Normotensive) strain is the normotensive control of the 
Spontaneously Hypertensive rat (SHR) strain that can develop high arterial blood pressure 
during its ontogeny. Although it is a control line, it is a rather deviant strain especially in its 
open-field activity, which is very low, compared to their hypertensive controls (see Gentsch et 
al., 1987, Kräuchi et al., 1983), but also compared to most other strains, like the random bred 
Wistars. In this experiment the strain differences between the Wistar and the WKY strain 
concerning the speed of conflict resolution are investigated in the runway. 
METHODS 
Subjects 
Subjects were allocated from two litters of 4 random bred Wistar rats (Wu(SPF63Cpb)) and 
two litters of 4 WKY/Cpb inbred rats, bred in our own laboratory from parents purchased from 
the Central laboratory for the breeding of Laboratory Animals, TNO, Zeist. They were weaned at 
day 28 and were kept in pairs in a cage (same sex, different litters). After 4 months they were 
separated and housed alone in a cage. They weighed 203-231 gms (WKY females), 328-382 
gms (WKY males), 216-268 gms (Wistar females) and 351-394 gms (Wistar males) at the 
beginning of the experiment. They were food deprived at 85% of their predeprivation free-
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feeding weight with water always available. They were kept in a stockroom adjacent to the 
experimental room on a reversed day/night cycle with lights off at 8.00 a.m and on at 8.00 p.m. 
Apparatus 
TTie test apparatus was the open-field and the runway I configuration (see chapter II) 
Procedure 
At first the subjects were given an open-field test on 2 consecutive days (5 minutes per test). 
The next day magazine training in the goalbox of Runway I was started. After magazine training 
they received 12 approach training sessions with a total of 43 trials. The first trial on the last 
approach training served as a baseline approach trial. During the first 5 recovery trials many 
subjects did not run to the goalbox within 5 minutes. These subjects were gently pushed towards 
the goal where they received their foodpellets. After the first 5 trials all animals ran their trials 
voluntary. Thus, after standard aversive training they received the following number of recovery 
trials on consecutive days: 5,1,5, 5, and 1. The days in which one trial was given were the first 
recovery and the baseline recovery trial. The subjects in this experiment were slow runners. It 
was, therefore, decided to give the first conflict test on the second trial of a session (not two 
hours intertrial time), immediately following the first trial, which served as baseline recovery 
trial. This method was justified by the results of pilot experiment 2 (appendix 2). The 
conditioned punishment test consisted of 8 trials of 15 minutes. Goal latency was computed over 
these 8 trials. Ultrasound was recorded as described in chapter II. 
RESULTS 
All animals in this experiment appeared to be slow in approach running speed. In the shock 
session only one animal (Wistar male) produced 4 seconds of 22 kHz ultrasonic vocalizations. 
Analysis of variance revealed no differences between sexes and strains during baseline approach 
as well as recovery trials, although during baseline recovery the difference between the strains 
reached significance, the WKY strain being slower than the Wistar strain in reaching the goal, 

























Figure 5.2. Goal latency in 
approach, first recovery, baseline 
recovery training and in the 
conflict test for Wistar and Wistar 
Kyoto rats. 
Wu male Wu female WKY male 
STRAIN - SEX 
WKY female 
In the conflict test the WKY strain was significantly faster in reaching the goal compared to 
the Wistars. This difference remained in the Roy-Bargmann stepdown analysis, indicating that 
this difference could not be explained from baseline differences. The goal latency in the baseline 
recovery was not smaller than the first recovery, maybe caused by the fact that the very first 
recovery is not included because many subjects had to be pushed to the goal. 
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N of subjects 
Wu WKY 
ö ç c? 9 
1 91 1 62 2 03 1 80 
2 12 1 91 2 27 2 41 
3 88 3 70 3.39 3 10 
2 26 2 29 2 29 1 88 
4 4 4 4 
STRAIN SEX S χ S 
F ρ F ρ F ρ 
66 431 1 97 186 03 871 
Step 
4 41+ 058 05 832 1 34 270 
Step 3 26+ 098 14 715 1 32 275 
4.93· 046 88 367 06 816 
Step 5.83· 036 76 403 35 569 
1 01 334 98 342 1 41 259 
Step 13 722 85 381 19 672 
The survival graph (figure 5.3) shows that especially the Wistar males are slow conflict 
resolvere in comparison with the other three groups. Pairwise comparison revealed that the males 
of the WKY are significantly faster than male Wistars (Lee-Desu statistic 5.60, p=0.018), female 
WKY rats tend to be faster than male Wistars (Lee-Desu 2.86, p=0.091) and even female 
Wistars tend to be faster than male Wistars (Lee-Desu 2.86, p=0.091). These results point to an 
interaction between Strain and Sex, which, however, is not found in the analysis of vanance. 
Figure 5.3. Survival graph of 
the number of rats in conflict in 
the course of the conditioned 
punishment tests for Wistar and 
WKY male and female rats. 
0 1 2 3 4 5 6 7 8 
SESSION IN CONFLICT 
D I S C U S S I O N 
Wistar random bred rats and Wistar Kyoto inbred rats are compared concerning their speed of 
conflict resolution. Compared to Wistar rats the inbred Wistar Kyoto rats are slower (marginally 
significant) in recovery from shock, but faster in the speed of conflict resolution. Comparable 
with the Brown Norway rats in the preceding experiment the WKY strain shows some peculiar 
behavior. The WKY strain exhibits a low open-field activity, and also in the runway a low 
activity is found. They seem to be influenced by electric shock in an other way than the Wistar 
strain, resulting in a tendency to a slower approach to the goal (Recovery 1). During the conflict 
test the WKY strain reaches the goal faster than the Wistar strain. This indicates that the aversive 
conditioning seems to result in a better conditioning to the context (slow recovery) than to the 
stimulus (fast conflict resolution) in the WKY strain. During recovery the aversiveness of the 
environment is extinguished (WKY rats are slow), while during conditioned punishment tests the 
aversiveness of the conditioned stimulus is extinguished (WKY rats are fast), resulting in a faster 







* Wu male 
•O- Wu female 
- · - WKY male 
- · - WKY female 
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The behavioral dependence on the context in WKY rats more than other strains is also 
described by Rogers et al. (1988). Especially the 'position locking' behavior of the WKY strain 
seems to be affecting the execution of certain tasks presented to the animal. For instance, the 
expectation is that WKY rats are slower in entering the dark compartment in the passive 
avoidance test, in which no specific stimulus is present but only a context to be afraid of, a 
situation that is comparable with the first recovery trial in which a number of WKY rats had to be 
pushed to the goal. In comparison with the SHR strain a slower entrance of the dark 
compartment is found (Knardahl and Karlsen, 1984). Differences between the WKY and SHR 
strains seem to be not affected by differences in learning, but differences in basal activity in a 
strange or fear-evoking environment 
In summary, there is no difference between the groups in approach performance. WKY rats 
are slower in passive avoidance (in recovery 1) was found, but in active avoidance WKY rats are 
performing equal to the Wistars (Sutterer, 1980, Danysz et al., 1983, Van Hulzen and Coenen, 
1982). WKY rats are faster in conflict resolution. Simple summation of causal factors based on 
postulate D of Miller ( 1959), will not predict this faster speed of conflict resolution in WKY rats, 
because they perform better in passive avoidance responses than Wistars. 
EXPERIMENT 9. SPEED OF CONFLICT RESOLUTION OF WISTAR KYOTO 
AND SPONTANEOUSLY HYPERTENSIVE RATS IN THE SKINNERBOX 
INTRODUCTION 
In experiment 8 it was established that WKY rats are fast conflict resolvers compared to the 
Wistar rats. The WKY rats have an extremely low open-field activity (Danysz et ai, 1983, 
Gentsch et al., 1987) compared to SHR rats, which are rats with high arterial blood pressure. 
The Wistar Kyoto (WKY) strain is the normotensive control of this strain. The SHR strain 
shows a high activity in the open-field (Danysz et al., 1983, Kräuchi et al., 1983). Differences in 
operant conditioning were investigated by Schaefer et al. (1978). The SHR strain shows a 
frequency of bar-pressing (not barholds) that is twice the frequency of the WKY strain. 
Suppression of the bar-pressing by light, that was earlier coupled with shock (in a conditioned 
suppression paradigm) was greater in the SHR strain than in the WKY strain in terms of the 
suppression ratio, although the levels of the suppressed behavior response frequency were equal 
for both strains during the light presentation. In this experiment the same conditioned punishment 
paradigm as in experiment 8 (Wistar vs WKY comparison) is used, although an important 
difference is that the conflict experiment is done in the Skinnerbox. 
The WKY and SHR strain were tested in a shuttlebox. Data of Sutterer (1980) suggest a 
higher level of acquisition of the avoidance response in the WKY strain than in the SHR strain, 
but this seems to be biased by pretest differences between both strains. The WKY strain shows a 
higher pretest activity than the SHR rats. Data of Danysz et al. (1983) suggested a higher level of 
acquisition in the SHR strain. Indications for differences in shuttlebox behavior are thus 
equivocal. 
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The experiment begins with the shuttlebox experiment for measuring active avoidance 
learning. Whether the shuttlebox measures avoidance learning or not is discussed by Bolles et al. 
(1976). According to Bolles et al. (1976) the probability of the avoidance response changes 
during the learning process, but not the escape latency (from shock) and avoidance latency (of 
the CS), in which case it is a bad test for measuring avoidance conditioning. Therefore, the 
escape and avoidance latencies of the WKY and SHR strain are measured in the shuttlebox. If a 
decline in at least the escape latency was found, avoidance learning would be a characteristic of 
the apparatus and would be apt for our purpose. 
In this experiment differences between WKY and SHR rats are investigated in approach and 
avoidance learning and performance, as well as in conflict behavior. 
M E T H O D S 
Subjects 
Ss were 24 experimentally naive male and female rats, 12 WKY and 12 SHR rats, purchased 
from TNO, Rijswijk, the Netherlands. At the beginning of the experiment they were three 
months of age. Females weighed 211-267 gms and males 270-323 gms. They were housed two 
at a cage on a reversed day/night cycle with lights off at 8.00 am and lights on at 8.00 pm. 
During the shuttlebox and the open-field test the animals were not food deprived. During the 
Skinnerbox part of the experiment the animals were fooddeprived at 85% of their predeprivation 
free-feeding body\weight and had free access to water. 
Apparatus 
The apparatus were the shuttlebox, open-field and the Skinnerbox configuration described in 
chapter Π. 
Procedure 
All animals were tested in the shutdebox for an hour. Both animals from one homecage at the 
same time in two shuttleboxes. After the shutdebox test the rats were exposed to the open-field 
test for 5 minutes on two consecutive days. Animals were one by one transported from the 
stockroom to the experimental room. One week after the open-field test animals were isolated and 
food-deprived and received the following sequence of sessions in the Skinnerbox. One day 
magazine training, 3 shaping sessions, one from 0.05 to 5 seconds leverhold, with an increase in 
critical leverhold duration of 0.10 seconds, two sessions from 0.10 to 5 seconds in which the 
increase was 0.20 seconds in each successful leverhold. 5 Consolidation sessions in which a 
leverhold response of 5 seconds was reinforced by the delivery of one foodpellet. One shock 
session in which 8 tone-presentations of 4 kHz and of 10 seconds duration were followed by 
shocks of 1.0 mA strength and 0.5 second duration. One 'food' session in which 30 continuous 
light presentations of 10 seconds duration were followed by the delivery of one foodpellet. Three 
recovery sessions were given, which were the same as the consolidation sessions. In two 
conditioned punishment sessions the presentations of light and tone were contingent upon 
leverholding. The lever was presented for a maximum of 20 seconds per trial and retracted when 
a reinforced response was given or when the 20 seconds were over. Between lever presentations 
there was a short time-out of 10 seconds. From shaping till conditioned punishment testing this 
procedure was followed. In all sessions except the shock and food session 60 trials were given 
without a maximum criterion. For calculating the latency to gain 10 pellets, the measure to be 
analyzed, the 10 seconds time-out periods are omitted from the analysis. 
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R E S U L T S 
Avoidance learning in the shuttlebox 
The animals were trained for 50 trials in the shuttlebox. No differences between strains or 
sexes were found in the avoidance training (table 5.3). An interaction effect is found concerning 
the number of escapes. Duncan post-hoc comparison (a=.05) showed no specific differences 
between groups. However, there seems, to be a tendency that in the WKY strain the males show 
more escapes than the females and in the SHR strain the effect is the other way around. The SHR 
strain showed more intertnal crossings than the WKY strain (marginally significant). 
TABLE 5 3. Number of presession crossings, avoidances, escapes, sits and interinai crossings in the shuttlebox of 








N of subiects 
WKY 
C? Q 
4 50 3 50 
28 00 34 17 
19 50 14 67 
2 50 1 17 




4 67 5 67 
26 50 26 33 
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10 50 1.33 










































The number of avoidances reached during the 50 trials did not differ between the two strains. 
It was, however, possible that both strains differed in the way in which the total number of 
avoidances was reached, that they differed in learning acquisition. Therefore, a trend analysis 
was performed on the avoidance acquisition data. The 5 blocks of ten-tnals (see figure 5.4) were 
analyzed and the results are to be found in table 5.4. 
Figure 5 4 Number of 
avoidances per block of ten-trials 
in a session of 50 trials 
0 1 2 3 4 5 6 
BLOCKS of 10 tnals 
TABLE 5 4. Trend analysis over 5 ten-tnal blocks of avoidance scores for the males and females of ihe WKY and 
ihe SHR strains. 
TREND analysis 







% F ρ 
84 79 S1.3S# .0 
12 54 11.3S# 003 
1 57 18 678 










































APPROACH-AVOIDANCE CONFLICT AND SPEED OF CONFLICT RESOLUTION 
Only significant linear and quadratic trends were found explaining more than 10% of the 
vanance and indicating the increase in number of avoidance responses over the 5 blocks and the 
leveling off when the maximum of ten is approached. The avoidance response was learned. 
However, no strain differences were found concerning the trends. 
According to the criticism of Bolles et al (1976) it is investigated whether avoidance learning 
takes place in the shuttlebox or not. Therefore the response latencies are analyzed for decrements 
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Figure S Sa Response latency 
after the onset of the warning 
stimulus (tone) Avoidance and 
escape responses arc taken 
together 
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TABLE 5 5А. Trend analysis over 5 ten-tnal blocks of response latencies for the males and females of the WKY 
and the SHR strains 
TREND analysis 
RESPONSE LATENCY 
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Figure 5 5b Avoidance latency 
after the onset of the warning 
stimulus (tone) Only trial blocks 
in which an avoidance response 
occurred are analyzed 
The overall response latency as means of ten-tnals, not taking into account sit, escape or 
avoidance responses shows a linear decrease over the 5 ten-tnal blocks (table 5 5a and figure 
5 5a) A strain difference is found on the quadratic trend. The cnncism of Bolles et al (1976) is 
aimed at this measure, so the latencies are split in avoidance and escape latencies. The mean of 
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these latencies are determined per ten-tnal blocks Animals that show missing values on one of 
these 5 tnal blocks are discarded from the analysis. 
TABLE 5 5B Trend analysis over 5 ten-tnal blocks of avoidance latencies for the males and females of the 
WKY and the SHR strains 
TREND analysis 
AVOIDANCE LATENCY 
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Avoidance latencies show a significant strain difference during learning expressed in the 
quartic trend that explains 28.5% of the vanation (table 5 5b) Examining the graph (figure 5 5b) 
the strain difference is caused by a difference in the first and the second ten-tnal block Analysis 
of only the first 2 ten-tnal blocks shows a significant difference on the linear trend between both 
strains (figure 5 5b). The WKY strain shows an increasing avoidance latency, while the SHR 
shows a decreasing avoidance latency (the first and second block analyzed separately, strain 
difference on the linear trend Рідо = 6 14, p=0.024) 
Figure 5 5c Escape latency 
after the onset of the warning 
stimulus (lone) Only trial blocks 
in which an escape response 
occurred are analyzed 
0 1 2 3 4 5 6 
BLOCKS of 10 trials 
TABLE S SC Trend analysis over S ten-tnal blocks of escape latencies for the males and females of the WKY and 
the SHR strains 
TREND analysis 
ESCAPE LATENCY 
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49 37 И.64# 007 
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During learning the avoidance response, at least the escape latency shows a decrease dunng 
the tnals as an indication of avoidance learning (table 5.5c and figure 5 5c) A significant strain 
difference is found WKY show longer escape latencies than SHR rats 
1Z 
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Approach learning 
After the first shaping sessions in the Skinnerbox the animals could hold the lever for five 
seconds. The development of the latency to the tenth foodpellet obtained was analyzed in a trend 










Figure 5.6 Geometric mean 
latency to gam 10 pellets for SHR 
and WKY male and female rats in 
the Skinnerbox 
1 2 3 4 5 
SESSIONS in APPROACH training 
There is a strong linear trend in the data explaining 59% of the variation without any 
differences between the groups (table 5.6). The other trends seem to be a bit fuzzy and all are 
around the significance criterion, but only the quadratic trend (26% of the variation) seems to be 
important. A Sex difference concerning the quadratic trend is the only significant finding (figure 
5.6). 
TABLE 5.6. Trendanalysis over the lOlog iransformed latency ю gain 10 foodpellets for males and females of the 
WKY and the SHR strain. 
TREND analysis 










% F ρ 
58 96 13.87# 001 
25 76 4.50· 047 
9 40 3 49+ 076 
5 88 5 06* 036 
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WKY male WKY female SHR male 
STRAIN - SEX 
SHR female 
Figure 5 7 Approach, first 
recovery, baseline recovery and 
conflict geometric mean goal 
latency for WKY and SHR male 
and female rats in the Skinnerbox. 
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The transformed latencies to gain 10 foodpellets were analyzed in a two-way ANOVA for 
baseline approach, baseline recovery, conditioned punishment and the first recovery (table 5.7 
and figure 5.7). 
TABLE 5.7. ANOVA-iable for approach, first recovery, baseline recovery and conflict goal latencies for WKY and 







N of subiects 
WKY SHR 
C? Q Ö Q 
2.40 2 46 2.37 2.33 
2.33 2.31 2.33 2.3 
2.67 2.85 2.65 2.69 
2.44 2.42 2.37 2.35 
6 6 6 6 
STRAIN SEX S χ S 
F ρ F ρ F ρ 
1.97 .175 .02 .892 .77 .392 
Step . . . . . . 
1.03 .860 .66 .427 .01 .906 
Step .01 .909 .63 .436 .02 .885 
1.65 .214 2.46 .133 1.13 .300 
Step 1.80 .197 3.75+ .069 1.49 .239 
8.47* .009 1.09 .309 .00 .946 
Step 8.32» .010 .62 .440 .02 .878 
Latencies to gain 10 foodpellets are corrected for 10-seconds time-out and are 10log transformed. Stepdown F-values 
are presented below the F-values. 
There is a significant difference between the two inbred strains during the first recovery 
session after having had the shocks: the WKY strain was slower in reaching the tenth foodpellets 
This effect is, however, rapidly eliminated. No strain differences concerning the baseline 
recovery and the, subsequently measured, speed of conflict resolution were detected. A 
marginally significant sex difference appeared in the conflict test in the stepdown analysis; the 
females being slower than the males. 
DISCUSSION 
In the Skinnerbox the Wistar Kyoto (WKY) and the Spontaneously Hypertensive rat (SHR) 
inbred strains are compared with regard to their speed of conflict resolution. Preceding the 
Skinnerbox experiment both strains were tested in the shuttlebox for two-way active avoidance 
behavior. In the shuttlebox no differences in the number of the avoidance responses are found 
between the WKY and the SHR strain, contrary to the findings of Sutterer (1980). However, the 
WKY tends to be faster in acquisition, especially the female WKY rats, but the effect is not 
statistically significant. In the SHR strain we found that females show more escape behavior 
while the males show more sit responses. Not all males show, however, these sit (=no) response 
so there was a high variation within this group. Not only the response of avoidance is learned, 
but also escape learning occurs. A significant decrease of the escape latencies is found, contrary 
to the findings of Bolles et al. (1976) with Long-Evans descents. Furthermore, the escape 
latency is much shorter in the SHR strain than in the WKY strain. The avoidance latencies only 
change significantly between the first ten and the second ten-trials, although in opposite direction 
in both strains. However, these findings justify the use of the shutdebox data as measures of 
aversive conditioning. 
During acquisition of the leverhold response only a sex difference and a marginally significant 
interaction was found on the quadratic trend as an indication of the deviant acquisition of the 
response in the SHR males. During conflict resolution only a Sex effect appears in the stepdown 
analysis, indicating a tendency that the females were slower than the males. This contrasts with 
the finding of a better acquisition of the approach response (leverholds) in the females (a 
significant quadratic trend showed the earlier levelling off). The significantly longer latency to 
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gain the tenth foodpellet in the first recovery from the shock trial equals the finding in experiment 
8, where the WKY rats were slower than the Wistars during the first recovery and had to be 
gently pushed towards the goal, due to the 'position locking' effect (Rogers et ai, 1988). 
In summary, learning the approach response in the Skinnerbox revealed no differences 
between the strains. In the first recovery the WKY rats have a longer latency to reach the goal 
than the SHR rats. No differences in the number of avoidances are found between both strains in 
the shuttlebox. Also no differences in speed of conflict resolution are found. Applying the 
summation-hypothesis of Miller (1959) on these groups more passive avoidance of the WKY 
strain could lead to slower conflict resolution, which is, however, not found. Although many 
differences between the two strains are found in activity, the experiment revealed that the strains 
do not differ significantly concerning approach, active avoidance and conflict behavior. The 
speed of conflict resolution could not be predicted from approach and avoidance performance 
separately. 
EXPERIMENT 10. SPEED OF CONFLICT RESOLUTION OF TRYON MAZE 
BRIGHT AND TRYON MAZE DULL RATS IN THE SKINNERBOX 
INTRODUCTION 
The Tryon strains are two rat strains genetically selected by Tryon (1940) with respect to 
maze-leaming. The Tryon Maze Bright line (TMB=S1) made significantly less errors in a 
multiple T-maze compared to the Dulls (TMD=S3). Since the selection took place, both strains 
have been compared in numerous test situations. For this difference in maze errors several causes 
are suggested in literature (Thompson, 1953). Vossen (1966) found that TMD rats are more 
explorative and therefore make more errors in a correction procedure. In a non-correction 
procedure the TMD is the better learning strain. Markowitz and Becker (1969) found that in 
visual discrimination the TMD rats are performing better than the TMB rats, and his conclusion 
was that the names 'Brights' and 'Dulls' are not very well chosen and only applicable to the 
spatial situation in which they were selected. It was thought that conflict resolution and problem 
solving behavior could be linked together. The TMB and TMD strains are tested according to the 
conditioned punishment paradigm in the Skinnerbox configuration. Our hypothesis based on 
Tryon's selection work was that the TMB strain was faster in conflict resolution than the TMD 
strain, although the results of Markowitz and Becker (1969) raised some doubt because in the 
conditioned punishment paradigm in the Skinnerbox the appetitive CS is a light (visual) and the 
aversive stimulus is a tone and not a place (spatial). 
In this experiment two other factors are of importance. As reported in the preceding chapters 
an open-field test was done before the conflict procedure started. In fact, it was not known 
whether there was an influence of the open-field test on the subsequent conditioned punishment 
test. In this experiment half of the animals received an open-field test 14 days before training 
began, the other half received no treatment (Factor OF with two levels). 
Activity differences between groups of animals could cause differences in several training 
parameters, for instance because of the fact that high activity animals are less able to hold the 
lever for 5 seconds. In a discrete trial procedure the lever is presented to the animal for a certain 
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time (in this experiment 20 seconds), in which they can try to hold the lever for 5 seconds. The 
discrete trial procedure eliminates in this way large activity differences between groups. In a free-
operant procedure these differences become more apparent than in a discrete trial procedure. This 
discrete trial procedure is here compared with the free-operant procedure used in the preceding 
experiments. Thus half of the subjects is trained and tested on a free-operant schedule, the other 
half on a discrete trial schedule. The three factors Strain, Open-Field, and Paradigm are 
completely crossed. 
M E T H O D S 
Subjects 
Ss were 32 naive male rats, 16 TMB and 16 TMD rats, originally from Tryon (University of 
California, Berkeley). These animals have been bred since 1965 (Vossen, 1966) in the 
department of Comparative and Physiological Psychology at the University in Nijmegen, the 
Netherlands. At the beginning of the experiment they were three months of age and weighed 
between 253 and 305 gms. They were housed separately on a reversed day/night cycle with 
lights off at 5.00 a.m. and lights on at 5.00 p.m. During the open-field test the animals were not 
food deprived. During the Skinnerbox part of the experiment the animals were food-deprived at 
85% of their predeprivation free feeding body weight and had free access to water. 
Apparatus 
The apparatus were the open-field and the Skinnerbox configuration, described in chapter Π. 
Procedure 
Half of the TMB and TMD rats were exposed for 5 minutes to the open-field test on two 
consecutive days. This was done in the room where the Skinnerbox configuration was placed. 
Animals were transported one by one from the stockroom to the experimental room. One week 
after the open-field test animals were food deprived and received the following sequence of 
sessions in the Skinnerbox: one day magazine training, 4 shaping sessions, 2 from 0.05 to 1 
second, 1 from 1 to 3 seconds, and one from 3 to 5 seconds leverholding. 6 Consolidation 
sessions in which a leverhold response of 5 seconds was reinforced by the delivery of one 
foodpellet. One shock session in which 8 tone-presentations of 4 kHz and of 10 seconds 
duration were followed by shocks of 1.0 mA strength and 0.5 seconds duration. One 'food' 
session in which 24 continuous light presentations of 10 seconds duration were followed by the 
delivery of one foodpellet. 2 Recovery sessions were given, which were the same as the 
consolidation sessions. In two conditioned punishment sessions the presentations of light and 
tone were contingent on leverholding. As stated earlier, there were two groups with different 
training and test paradigms, the free-operant and discrete trial. The free-operant group was 
treated as described in general procedures (chapter II). To the 'discrete trial'-group the lever was 
presented for a maximum 20 seconds per trial and retracted when a reinforced response was 
given or when the 20 seconds were over. Between lever presentations there was a time-out of 10 
seconds. From shaping till conditioned punishment testing this procedure was followed. The 
same criteria were applied as in the free-operant group, i.e. maximal session duration of half an 
hour or 20 pellets per session. Time to gain 20 reinforcers was delayed by the time-out and the 
maximal gain of one pellet in 30 seconds, contrary to the free-operant group. For calculating the 
latency to gain 10 pellets (the measure to be analyzed) the 10-second time-out periods were 
omitted. Criteria for training were derived from the free-operant group; the discrete trial group 
was given the same amount of reinforced trials. Differences between paradigms in latencies could 
be expected, because in the discrete paradigm a delay of 10 seconds was incorporated. However, 
concerning the durations and frequencies of leverholding responses no differences were 
expected. Purpose was to investigate the comparability of both paradigms and whether 
interactions were present with the other factors in the design. 
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R E S U L T S 
Approach learning 
Just like in expenment 9 (WKY vs SHR) a trend analysis was made over the learning data in 
the Skinnerbox concerning the latency to the tenth 5-second leverhold response. Two methods -
the continuous and the discrete paradigm - were compared as were the two strains - the Tryon 
Maze Bright and the Tryon Maze Dull (the Open-Field factor and the Interaction with the Open-
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SESSIONS in APPROACH training 
Figure 5.8 Geometric mean 
latency to gam 10 foodpcllels for 
the Tryon strains in the continuous 
and the discrete paradigm during 
the approach training. 
TABLE S 8. Trcndanalysis of learning of the S second leverhold of TMB and TMD rats in two different paradigms 
in the Skinnerbox. 
TREND analysis 
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Data analyzed are the 10]og of the latency to gam the tenth foodpellet 
A difference between the strains was found concerning the general mean (TMB faster than 
TMD) and a tendency to a difference in the Paradigm factor (continuous paradigm faster than 
discrete). A significant linear and quadratic trend were found, explaining 78% and 13% of the 
variation (table 5.8 and fig.5.8). A difference between the paradigms was found on the linear 
trend (continuous faster than discrete) and a tendency to a difference for the strains (TMD rats 
show a stronger decline in the latency than the TMB rats). No strain differences are found 
concerning the quadrauc trend. 
Speed of conflict resolution 
The transformed latencies to gain 10 foodpellets were analyzed in a three-way ANOVA for 
baseline approach, baseline recovery, conflict and the first recovery (table 5.9 and fig 5.9). 
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Figure 5.9. Geometric mean 
goal latency in approach, first 
recovery and baseline recovery 
training and conflict test in the 
Skinncrbox for the Tryon strains. 
Strain: b = Bright, d = Dull 
Open-Ficld: + = before, - = after 
Paradigm: с = com, d = discrete 
b + c b + d b - c b - d d + c d + d d-c 
STRAIN - OPEN FIELD - PARADIGM 
TABLE 5.9. Goal latencies and ANOVA-table of the Tryon strains in approach, first recovery and baseline recovery 
training and conflict test in the Skinncrbox. 
STRAIN 
OPEN-FIELD - OF 




















































































































Latencies to gain 10 foodpellets are corrected for 10-seconds time-out 
discrete paradigm arc presented below the means of the continuous paradi, 
the F-values (df=l,24). 
and are lOlog transformed. Means in the 
gm. Stcpdown F-values are presented below 
Only main-effects are presented in the Anova-table. One interaction was found: an Open-Field 
by Paradigm interaction concerning the first recovery (F=4.30, p=0.049): from the animals not 
been in the open-field the free-operant ones were faster than the discrete ones. More important is 
the difference found between the strains in the conditioned punishment test: Tryon Maze Bright 
rats solve the approach-avoidance conflict significantly faster than Tryon Maze Dull rats. No 
effects of prior exposure to the open-field test apparatus are found. Already during the baseline 
approach the latencies to gain ten foodpellets were shorter in the free-operant paradigm compared 
to the discrete paradigm. The same difference was found in subsequent sessions, because the 
stepdown F is not significant in subsequent sessions. There was no difference between both 
paradigms in the conditioned punishment test concerning the speed of conflict resolution. 
DISCUSSION 
In the conflict test the Tiyon Maze Bright are faster than Tryon Maze Dull rats concerning their 
speed of conflict resolution. Differences between the free-operant and the discrete trial paradigms 
are as expected. The animals in the discrete trial procedure show longer latencies in baseline 
approach, first recovery and baseline recovery. No Paradigm by Strain Interaction is found. 
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In this experiment also the influence of the open-field test on the subsequent conflict test in the 
Skinnerbox was estimated (concerning the Tryon Maze Bright (TMB) and Tryon Maze Dull 
(TMD) strains). There is no effect of the open-field test on the speed of conflict resolution in the 
Skinnerbox. The results point to a better learning performance of the TMB rats in the test 
situations. Although the task in which the speed of conflict resolution was measured has to do 
with a visual stimulus and an aversive tone, and not with a spatial stimulus, the TMD rats are not 
the better performers - faster in the speed of conflict resolution - than the TMB rats. 
In summary, the Tryon Maze Bright rats are faster in acquisition of the leverhold response 
than the Tryon Maze Dull rats. In the first recovery both strains have an equal latency to reach the 
goal. Furthermore, the TMB rats are better avoiders in the shuttlebox (Wilcock et al., 1981 and 
see experiment 11). Also in the conflict test the TMB rats are faster in resolving the approach-
avoidance conflict. Applying the summation-hypothesis of Miller (1959) on these groups better 
active avoidance of the TMB and better acquisition of the approach of the TMB could lead to 
equal or slower conflict resolution in the TMB strain, which is, however, not found. The speed 
of conflict resolution could not be predicted from approach and avoidance performance 
separately. 
E X P E R I M E N T 1 1 . S H U T T L E B O X B E H A V I O R O F T R Y O N M A Z E B R I G H T 
AND TRYON MAZE DULL RATS 
INTRODUCTION 
In the preceding experiment it was found that Tryon Maze Bright (TMB) rats are faster in 
solving the approach-avoidance conflict than the Tryon Maze Dull (TMD) rats. One of the 
possible explanations of the difference between TMB and TMD rats in the conflict test could be 
that the TMB rats perhaps leam the association between tone and shock not as well as the TMD 
rats, are less afraid of the tone in the conditioned punishment test and thus solve the approach-
avoidance conflict faster than the TMD rats. This hypothesis concerning poorer conditionability 
of the TMB rats to the 4 kHz tone during the shock session is testable. One way to do this is to 
investigate both strains for avoidance learning. The question is whether passive avoidance or 
active avoidance is directly involved in the conditioned punishment paradigm. Concerning 
passive avoidance behavior the first recovery data reveal no differences between both strains. 
However, according to Yelen (1976) active avoidance (passive avoidance is not signalled) is 
more important in the approach-avoidance conflict model of Miller. Active avoidance behavior 
can be measured in a classical conditioning test or in the two-way active avoidance test in the 
shuttlebox. As in experiment 9 (see for more details) and in experiment 12 the shuttlebox is 
chosen to measure the avoidance learning capability of the animals. 
The Tryon Maze Bright rats show better acquisition of the active avoidance response than the 
Tryon Maze Dull rats (Wilcock et al., 1981). However, the procedure of Wilcock et al. differs 
from the one used in the shuttlebox experiment presented in experiment 9. Both strains are again 
compared for shutdebox behavior. 
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The influence of experience during the two day open-field test on the shuttlebox performance 
is estimated. The Open-Field experience, therefore, is an extra factor in the design. 
M E T H O D S 
Subjects 
Subjects were 16 male TMB and 16 male TMD rats of 5 months old. They were 
experimentally naive. They were kept on a day/night cycle of 12 hours light (8.00 am lights on) 
and 12 hours dark (20.00 pm lights off). Fourteen days before experimentation they were 
brought to another stockroom with a reversed day/night cycle with 12 hours dark (8.00 am lights 
off) and 12 hours light (20.00 pm lights on). It is assumed that they were adapted to the light 
regime at the start of the experiment. 
Apparatus 
The shuttlebox and the open-field are described in chapter II. 
Procedure 
After a fourteen day adaptation period 6 TMB and 6 TMD rats were tested in the shuttlebox. 
After 1 day time-out ail 24 animals were tested in the open-field from 11.00 am until 14.30 pm. 
The procedure of the standard open-field test is described in chapter II. After two days of 
open-field tests the 6 TMB and 6 TMD rats that were not tested earlier in the shuttlebox were 
now tested in the shuttlebox. For the shuttlebox procedure see the general procedures in chapter 
II. 
R E S U L T S 
The only effect found of open-field exposure on shuttlebox behavior is an increased activity 
before avoidance training is started, measured as presession crossings (table 5.10). Furthermore, 
the TMB rats are significantly better avoiders than the TMD rats. The TMD rats show significant 
more sitting responses (= no responses) while the shock scrambler was on. 
TABLE 5.10. Shuttlebox behavior of the TMB and the TMD strain before and after open-field exposure for two 
sessions of S minutes. 







N of subjects 
Bright Dull 
sh-of of-sh sh-of of-sh 
5.67 7.67 4.67 6.50 
32.17 35.17 19.17 27.83 
17.33 14.00 16.83 18.50 
.50 .83 14.00 3.67 
78.67109.17 63.67 76.50 
6 6 6 6 
STRAIN SEQ S χ S 
F ρ F ρ F ρ 
1.44 .243 4.52* .046 .01 .927 
7.59* .012 2.50 .130 .59 .451 
1.01 .326 .18 .679 1.58 .223 
5.45* .030 2.04 .168 2.33 .143 
.98 .335 .81 .380 .13 .718 
sh-of indicates the sequence Shuttlcbox test followed by open-field test; of-sh indicates the sequence open-field test 
followed by the shuttlebox test. 
The way in which the avoidance response was learned was shown in table 5.11 and in figure 
5.10. A trendanalysis over the number of avoidances in five ten-trial blocks was made. The 
grand mean difference between both strains is of course (see table 5.10) present. Furthermore, a 
significant linear trend is present, explaining 78% of the variation. There is a significant 
Interaction between Strain and test sequence that can be ascribed to the TMD strain with 
experience in the open-field. These TMD rats are performing better than the TMD rats without 
any previous experience. A difference between both strains is found in the quadratic trend 
(explaining 18% of the variation), but is only marginally significant. The performance of the 
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TMB rats is levelled off; in the TMD strain there still seems to be ал increase in performance (see 
fig 5.10). 
Figure 5.10. Number of 
avoidances per block of ten trials 
for the Tryon Maze Bright and 
Dull strains. Half of the animals 
were first tested in the open-field 
(of) before placement in the 
shuttlebox (of-sh). The other half 
were tested in the shutllebox first 
(sh-ol). 
0 1 2 3 4 5 6 
BLOCKS of 10 trials 
TABLE 5.11. Trendanalysis over the number of avoidances in ten trial blocks in the shuttlebox for the males and 
females of the TMB and TMD strain. 
TREND-analysis 







% F ρ 
78.33102.98« .0 
17.97 54.37« .0 
1.21 1.34 .260 
2.49 2.16 .157 
STRAIN SEQ SxS 
F ρ F ρ F ρ 
7.59· .012 2.50 .130 .59 .451 
.47 .501 1.36 .257 5.12· .035 
3.48+ .077 .28 .600 1.14 .299 
.06 .804 1.85 .189 .43 .520 
.02 .886 6.70* .018 .03 .854 
DISCUSSION 
Differences in conditionability between the Tryon Maze Bright and Tryon Maze Dull strains 
were investigated in the shuttlebox. The TMB strain acquires the avoidance response faster than 
the TMD strain. It seems, therefore, that the TMB strain is a better learner in avoidance situations 
than the TMD strain (in concordance with Wilcock et al., 1981). Also the influence of the 
open-field test on the subsequent shuttlebox test was measured in both strains. The open-field 
test has a significant effect on the number of presession crossings, the animals tested in the 
open-field are more active than naive animals. In a trendanalysis an Interaction between Strain 
and Open-Field test is found: the TMD rats with the open-field experience acquire a better 
perforaiance in the shuttlebox than naive TMD rats. 
In relation to the preceding experiment, it can be concluded that the faster speed of conflict 
resolution of the TMB strain in the conditioned punishment test is probably not due to a worse 
learning of the tone-shock relation in the two-way avoidance conditioning, but due to an other 
way of handling aversive stimulation and maybe a faster extinction of the aversive properties of 




-Q- TMB of-sh 
-•- TMDsh-of 
- · - TMD of-sh 
—• 1 •— 
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EXPERIMENT 12. SPEED OF CONFLICT RESOLUTION OF ROMAN LOW 
AVOIDANCE AND ROMAN HIGH AVOIDANCE RATS IN THE 
SKINNERBOX 
INTRODUCTION 
The Roman strains are two rat strains genetically selected for shuttlebox-leaming by Bignami 
(1965). The Roman High Avoidance strain (RHA) makes significantly more avoidances in a 
shuttlebox than the Roman Low Avoidance strain (RLA). Both strains have been compared in 
numerous test situations, behavioral as well as somatic (see Driscoll and Bättig, 1982). The 
strains are not different in passive avoidance, the RLA strain performs better in a Hebb-Williams 
aquatic maze. In the open-field they showed no defecation differences, sometimes the RLA strain 
shows more defecations. In general, RHA rats are more active than the RLA rats in the 
open-field and have been found to be less emotional. In the shuttlebox the RLA rats tend to show 
more freezing behavior than the RHA rats. In the experiment described here it is investigated 
whether conflict resolution measured in the Skinnerbox and avoidance behavior in the shuttlebox 
could be linked. The RHA and RLA strains are tested according to the conditioned punishment 
paradigm in the Skinnerbox configuration and in the shutdebox. 
In this experiment two other factors - besides Strain - were of importance. The factor Sex was 
the second factor with, of course, a male and a female level. The third factor in this experiment 
was a light signalling food during conditioned punishment testing. During the conditioned 
punishment test half of the animals received not only a signal that was associated with avoidance 
(tone with shock) but also a signal that was associated with approach (light with food). The three 
factors Strain, Sex and Light were completely crossed in the design. 
In the conditioned punishment paradigm the speed of conflict resolution can be influenced by 
the shock sensitivity of the subjects. After measuring the speed of conflict resolution the shock 
sensitivity of the animals is measured in a modified Geller-Seifter paradigm (Geller and Seifter, 
1960). This is a conflict test in which conflicting reinforcers, instead of conflicting signals are 
given, i.e. food and shock are simultaneously presented without any warning signal. Tests to 
measure the shock sensitivity of rats are mostly hampered by inadequate measures of skin 
resistance on the one hand and off line measurement (outside the test apparatus). The method 
described here gives an indication of the shock sensitivity of the animal in combination with their 
approach behavior towards food. In fact it is a conflict test comparable to other conflict tests. 
During approach behavior and more specifically during the consummatory act a shock of 
increasing strength is presented, urging the animal to stop his approach behavior. A choice 
between two conflicting demands is requested from the animal, leading to differences in the 
leverhold duration. The use of incremental shock in conflict tests has been applied earlier (Miller, 
1961, Pollard and Howard, 1979). In the Pollard and Howard paradigm there are periods with 
and without shock given to the subjects. In the shock periods every response increases the shock 
intensity with 0.05 mA. In the test described here the shock intensity is increased after 10 
responses. Sex differences in shock sensitivity are frequently reported (Fessier and Beatty, 
1976), the females being more sensitive to electric shock, measured in many cases by shuffles 
and jumps, behaviors that females show more quickly, but that do not give correct measures of 
shock sensitivity. In contrast with the higher sensitivity, in males more aftereffects of shocks are 
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found. For instance, locomotor activity is affected in a sex-dependent way (see fig 2.3), male 
rats are more susceptible to shock-induced behavioral depression (Heinsbroek et al., 1988). 
Therefore, a more subjective - from the point of view of the subject - measure of shock strength 
is necessary, like the incremental Geller-Seifter conflict test presented here. 
In experiments 10 and 11 it appeared that the fast conflict resolver (TMB) performed also the 
best (made the most avoidance responses) in the shuttlebox. Based upon the shuttlebox behavior 
the RHA is expected to be the better confiict resolver than the RLA, because in shuttlebox 
avoidance behavior the RHA is a better performer than the RLA strain. The hypothesis that the 
RHA rats are faster in conflict resolution than the RLA rats is investigated. 
Finally, active avoidance behavior in the shuttlebox is measured after the open-field test, 
Skinnerbox test and the incremental Geller-Seifter test, to be sure that, indeed, the rats are high 
avoiders and low avoiders (see Van der Staay et ai, 1981). 
METHODS 
Subjects 
Ss were 32 experimentally naive male and female rats, 16 RHA/kun and 16 RLA/kun rats, 
originally obtained from Durcan (RHA/iop and RLA/iop inbred strains, Bethlem Hospital, 
University of London, England). Since 1985 these animals have been bred at the department of 
Comparative and Physiological Psychology at the University of Nijmegen, the Netherlands. At 
the beginning of the experiment the RLA females weighed between 116-141 gms, the RHA 
females between 168-179 gms, the RLA males between 179-195 gms and the RHA males 
between 227-260 gms. They were housed separately on a reversed day/night cycle with lights off 
at 8.00 a.m. and lights on at 8.00 p.m. During the open-field test the animals were not food 
deprived. During the Skinnerbox part of the experiment the animals were food deprived at 85% 
of their predeprivation free-feeding bodyweight and had free access to water. After the 
conditioned punishment test in the Skinnerbox the same animals were used in in the Geller-
Seifter experiment and in the shutdebox. 
Apparatus 
The apparatus were the open-field, Skinnerbox and shuttlebox configuration described in 
chapter II. 
Procedure 
At first all subjects were exposed for 5 minutes to the open-field test on two consecutive days. 
Animals were transported one by one from the stockroom to the experimental room. One week 
after the open-field test animals were food deprived and received the following sequence of 
sessions in the Skinnerbox: one day magazine training, three days of CRF-training (continuous 
reinforcement), three shaping sessions, one from 0.05 to 1 second, one from 1 to 3 seconds, and 
one from 3 to 5 seconds leverholding. Seven consolidation sessions in which a leverhold 
response of 5 seconds was reinforced by the delivery of one foodpellet. One shock session in 
which 8 tone-presentations of 4 kHz and of 10 seconds duration were followed by shocks of 1.0 
mA strength and 0.5 seconds duration. One 'food'-session in which 24 continuous light 
presentations of 10 seconds duration were followed by the delivery of one foodpellet. Three 
recovery sessions were given, which were the same as the consolidation sessions. In seven 
conditioned punishment sessions 120 discrete trials were given with a maximum of 20 reinforced 
trials. The paradigm was the discrete trial paradigm as described in experiment 10 with the TMB 
and TMD rats. In the 'discrete trial'-paradigm the lever was presented for a maximum of 20 
seconds per trial and retracted when a reinforced response was given or when the 20 seconds 
were over. Between lever presentations there was a short time-out of 10 seconds. This procedure 
was followed from shaping till conditioned punishment testing. The criteria were the same with a 
maximal session duration of half an hour or 20 pellets per session. Time to gain 20 reinforcers 
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was delayed by the time-out and the maximal gain of one pellet in 30 seconds. In all test sessions 
presentation of the tone was contingent on leverholding, and one foodpellet was given upon a 
leverhold of 5 seconds. For the 'Light+' group also a light that was earlier associated with food 
was contingent on leverholding. After resolution of the conflict in the conditioned punishment 
test the animals were again trained to hold the lever for 5 seconds in the discrete trial paradigm in 
two sessions. However, no signals were present. After a 5-second leverhold a shock was 
administered to the animals together with presentation of a foodpellet. In blocks of ten trials the 
shock intensity was raised from zero to 0.5 mA in steps of 0.05 mA. There are 11 blocks of ten 
trials. On the subsequent day animals are retrained on the same schedule without shock until all 
animals attained 10 foodpellets on two subsequent blocks of ten trials. Then again the shock 
intensity is raised in steps of 0.05 mA to 0.5 mA. Data in each block are analyzed in a 




The latency to gain the tenth foodpellet is analyzed in a trcndanalysis for the 7 consolidation 
sessions (learning the 5-second leverhold). Two factors in the analysis are the Strain (RHA and 













Figure 5.11. Geometric mean 
latency to gain 10 foodpellets in 
approach training for the Roman 
Low Avoidance and the Roman 
High Avoidance strain. 
1 2 3 4 5 6 7 
SESSIONS in APPROACH training 
TABLE 5.12. Trcndanalysis over the lOlog transformed latency to gain the tenth pellet during approach training in 
the Skinneibox for the males and females of the RLA and the RHA strain. 
TREND-analysis 












% F ρ 
79.21 66.14# .0 
14.09 21.96# .0 
4.14 7 .71· .010 
2.15 6.85* .014 
.17 .00 .969 












































A significant linear, quadratic, cubic and quartic trend are found in the data, of which only the 
linear and quadratic trends seem to be meaningful, explaining more then 10 percent of the 
variation (79 and 14% respectively, see table 5.12). A strain difference is found in the quadratic 
trend, indicating another pattern of leveling off during approach training (see figure 5.11). From 
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the figure it seems that the RLA strain is slower at the start of the experiment, but is leaming 
faster than the RHA and reaches the baseline level at an earlier stage than the RHA rats. 
Speed of conflict resolution 
The transformed latencies to gain 10 foodpellets were 
baseline approach, baseline recovery, conflict and the first 
4000 
analyzed in a three-way ANOVA for 
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STRAIN - SEX - LIGHT 
Figure 5.12. Geometric mean 
goal latency in approach, first 
recovery and baseline recovery 
training and in the conflict test for 
the males and females of the 
Roman strains. 
Slrain: 1 = Low, h = High 
Sex: m = male, f = female 
Light: - = off, + = on 
TABLE 5.13. Goal latency in approach, first recovery and baseline recovery training and in ihe conflict test for the 























































































Latencies lo gain 10 foodpellets; corrected for 10 seconds time-out and lOlog transformed 
Only main-effects are presented in the Anova-table (table 5.13), because no interactions were 
found. Important is the difference found between the strains in the conditioned punishment test: 
Roman Low Avoidance rats resolve the approach-avoidance conflict significantly faster than the 
Roman High Avoidance rats. Also a Sex main effect is found on the speed of conflict resolution. 
Both effects seem to be caused mainly by the Roman High Avoidance males, although the 
Interaction between Strain and Sex is not significant (see figure 5.12). 
Incremental Geller-Seifter conflict 
Trendanalysis is performed over the number of pellets gained in the first 11 ten-trial blocks 
with increasing shock strength and in the 11 ten-trial blocks the next day after retraining the 
animals (table 5.14). 
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Figure 5 13a The number of 
pellets gained per block of ten 
trials by the Roman Low and High 
Avoidance strains in the 
incremental Geller-Seifter conflict 
test in which a foodpellet and 
shock are delivered simultaneously 
after a Icverhold of S seconds Data 
of the first test day 
0,2 0,3 
BLOCKS of 10 trials 
TABLE S 14 Trendanalysis in the incremental Geller-Seifter paradigm 
TREND analysis 
Leverholds of 5 seconds 














3 08 18 88# 
99 8 77# 
62 33SS8.70# 
22 66212.49# 
9 99 49 09# 
























































S x S 
F Ρ 
β 92# 006 
9 36# 005 
3 28+ 081 
11 53# 002 
6 38* 018 
20 26# 000 
21.64# 0 
4.32* 047 
23 04# 0 
7 69* 010 
Only the first four trend are presented 
Figure 5 13b The number of 
pellets gained per block of ten 
trials by the Roman Low and High 
Avoidance strains in the 
incremental Geller Seifter conflict 
test m which a foodpellet and 
shock arc delivered simultaneously 
after a leverhold of 5 seconds Data 
of the second test day 
0,1 0,2 0,3 
BLOCKS of 10 trials 
0,5 
In the first incremental Geller-Seifter test four trends appeared to be significantly present 
(linear, quadratic, cubic, quartic). The most important are the linear and quadratic ones, 
explaining more than 10 percent of the variance (71% and 24% respectively) Concerning the 
linear trend a Strain, Sex and an Interaction effect are found, mainly caused by the performance 
of the RHA males (figure 5.13a). During the retraining only a Strain effect concerning the linear 
trend is found- the RLA strain starts more slowly in the recovery (data not shown) In the second 
incremental Geller-Seifter test the same picture is found again (figure 5 13b) The RHA males 
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seem to be less sensitive to shock in a situation, where food and shock are the conflicting 
reinforcers. 
Shuttlebox behavior 
As expected a difference between the RLA and the RHA strain was found, the RHA rats are 
the better avoiders, the RLA rats is the escapers (table 5.15). Behavioral observations learned 
that the RLA rats very often sit, i.e. they accept continuous shock for 7.5 seconds and do not 
jump to the other side of the shuttlebox. Contrary to our earlier experience with the RLA rats 
only few animals of the RLA animals show the sit response. 
TABLE S.IS. Differences in shuttlebox performance between the Roman Low and the Roman High Avoidance 








N of subjects 
Low High 
Cf 9 Cf 9 
6.25 4.12 3.38 5.38 
17.63 12.63 43.75 38.88 
30.50 36.75 6.25 9.63 
1.88 .625 .00 1.50 
29.50 17.88 20.63 30.75 
8 8 8 8 
STRAIN SEX S χ S 
F ρ F ρ F ρ 
.80 .378 .00 .946 5.18· .031 
67.85# .000 2.41 .132 .00 .984 
83.37# .000 2.93+ .098 .26 .613 
.50 .487 .03 .861 3.76+ .063 
.07 .794 .01 .922 2.05 .163 
Learning the avoidance response is analyzed in a trendanalysis (table 5.16). A grand mean 
difference is found between the strains. A linear and a quadratic trend are present The quadratic 
trend is very important (explaining 35% of the variation), and on this trend a strain difference is 
found. The RLA rats are still learning and the RHA rats have reached their maximum number of 
avoidances per ten trials within the total of 50 trials (figure 5.14a and b). 
TABLE 5.16. Trendanalysis of shuttlebox behavior of RLA and RHA animals of experiment 12. 
TREND-analysis 







% F ρ 
57.66 22.38# .0 
35.48 33.92# .0 
4.83 .05 .829 


































Influence of test experience on shuttlebox behavior in RLA rats 
As mentioned earlier the RLA rats in this experiment seems to perform better than the RLA 
rats in earlier shuttlebox experiments. Is this result influenced by the life history of the animals? 
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.63 .434 






















df=l,28 TE=Tesl Expérience 
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Data on shuttlebox behavior of the expenmentally naive parents of the experimental subjects 
were available from earlier shuttlebox testing, which was done for continued selection of good 
and bad avoiders before breeding. All data are analyzed for the RLA and RHA strain separately. 
No differences in shuttlebox methodology were present between the tests of parents and 
offspring. 
There are differences between the RLA rats with test experience and RLA rats without test 
experience (table 5.17a). Especially experienced animals show less sitting and more avoidance 
responses. The activity of the RLA animals during avoidance training measured as intertrial 











* RLA male 
•O- RLA female 
••• RLA male parent 
" · " RLA fem parent 
Figure 5.14a. The number of 
avoidance responses of the Roman 
Low Avoidance male and female 
rats per block of len trials in the 
shuttlebox. Parents were 
experimentally naive, the other 
subjects had experimental 
expenence. Note the difference in 
males. 
0 1 2 3 4 5 6 
BLOCKS of 10 trials 
TABLE 5.17b. Shuttlcbox behavior of the RLA strain, expenmentally naive and after test expenence 
TREND analysis 







% F ρ 
80 16 7.41· 012 
11 64 1 41 248 
5 08 3 94+ 060 



























TE χ S 
F Ρ 
95 340 
1 16 294 




The trendanalysis of the avoidance scores in 5 ten-mal blocks (table 5.17b) shows that there is 
a grand mean and a linear trend difference concerning the Test Experience factor. After the test 
expenence the RLA rats perform better in the shuttlebox than expenmentally naive RLA rats 
(table 5.17b), especially the male RLA rats (figure 5.14a). 
Influence of test expenence on shuttlebox behavior in RHA rats 
What is the influence of test expenence for the Roman High Avoidance rats? 
TABLE 5.18a. Differences in shuulebox performance between expenmentally naive Roman High Avoidance rats 








N of subiects 
No 
а о 6 83 7 00 
40 17 39 83 
9 83 10 17 
00 00 




3 38 5 38 
43 75 38 88 
6 25 9 63 
00 1 50 




























TE χ S 
F ρ 
1 03 321 
1 28 269 
72 403 
2 10 160 
1 30 266 
df=l,24 TE=Test Expenence 
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While the RLA rats show a tendency to a higher activity after experience in the Skinnerbox 
compared with their inexperienced parents, the Roman High Avoidance rats show a lower 
activity in the presession crossings as well as in the intertrial crossings (table 5.18a). However, 
their avoidance performance seems to be the same as their parents' (see also figure 5.14b). 
In trendanalysis the influence of test experience on the avoidance behavior can be investigated 
in more detail (table 5.18b and figure 5.14b). 
Figure 5.14b. The number of 
avoidance responses of the Roman 
High Avoidance male and female 
rats per block of ten trials in the 
shuttlebox. Parents were 
experimentally naive, the other 
subjects had a lot of experimental 
experience. 
0 1 2 3 4 5 6 
BLOCKS of 10 trials 
TABLE 5.18b. Shuttlebox behavior of the experimentally naive RHA strain and after test experience. 
TREND-analysis 







% F ρ 
46.43 24.49# .0 
44.86 4S.24# .0 
6.26 5.39· .029 
2.45 1.59 .219 
TE SEX TE χ S 
F ρ F ρ F ρ 
.43 .519 1.69 .206 1.28 .269 
.11 .744 .65 .428 .00 .942 
3.13+ .089 .28 .600 1.13 .299 
.22 .647 2.28 .144 .66 .425 
1.59 .219 .28 .604 1.34 .259 
TE=Tesl Experience 
The linear and quadradc trend explain more than 10% of the variation and are both significant 
There is a tendency to quadratic trend difference concerning the Test Experience factor. After the 
test experience animals show less avoidances in the last ten trial block in comparison with the 
inexperienced RHA rats. 
D I S C U S S I O N 
In this experiment approach, avoidance and conflict variables are investigated in two strains 
that were genetically selected for different shuttlebox behavior: the Roman strains, of which the 
Roman High Avoidance strain (RHA) is a good performer in the shuttlebox and the Roman Low 
Avoidance (RLA) is a bad performer. In approach learning the Roman Low Avoidance rats have 
a slower start, but learn faster than the Roman High Avoidance rats. Concerning the speed of 
conflict resolution a Strain effect and a Sex effect are found. RLA rats are faster than RHA rats 
and females are faster than males in attaining their first leverhold of 5 seconds, when the aversive 
tone is presented contingent on leverholding. The shock sensitivity seems to be lower in the 
Roman High Avoidance males compared with the three other groups. The expected difference in 
shuttlebox behavior is found in the two strains. The RHA rats acquire the avoidance response 
extremely fast and the RLA rats hardly at all. However, the RLA rats in this experiment 
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to be more active than naive RLA and acquired the avoidance performance better and showed less 
sitting (=no) responses. The higher activity level of the experienced RLA rats is maybe the cause 
of the better performance because more pseudo-avoidance responses (McAllister and McAllister, 
1979) occur. Pseudo-avoidance responses can be seen as intertrial crossings at the moment the 
CS is on and are registered as and indistinguishable from avoidance responses. It is known that 
rats neonatally exposed to painful stimuli are significantly better in active avoidance learning than 
controls (Bernardi et al., 1986). In their study this difference was not caused by differences in 
pain thresholds between the experimental and control groups. The same effect of Test Experience 
is found in the TMD strain that was performing better in the shuttlebox after an open-field test 
than when experimentally naive (experiment 11). The effect of Test Experience in the RHA rats 
was a decrease in activity, measured in presession crossings and intertrial crossings. No 
significant effect on avoidance responses was found between experienced and inexperienced 
RHA rats. 
RLA rats are more 'emotional' than RHA rats and they stop earlier with responding in the 
incremental Geller-Seifter task than the RHA males. The behavior of the Roman High Avoidance 
males appears to be paradoxical. This group is slower in the conditioned punishment test and is 
on the other hand less sensitive for the footshock than the three other groups, while in the 
shuttlebox no difference between RHA males and females is found. It was supposed that less 
sensitivity to shock was related to faster conflict resolution. It is, however, paradoxically related 
to slower conflict resolution. One explanation could be that the findings are not the result of 
differences in fear between the strains and the sexes, but a result of different strategies between 
the strains and between the sexes. In general, the RHA rats show escape responses, when a 
noxious event occurs. When the aversive signal (tone) in the Skinnerbox is presented contingent 
on the leverhold, the RHA males release the pedal. RLA rats show on the other hand more 
freezing reactions to the signal and keep on holding when the tone is presented, resulting in 
longer exposure to the aversive stimulus and faster extinction of the aversive properties of the 
CS. 
These results point to another interpretation of the difference between the two Roman strains. 
Not an emotional difference (Driscoll and Bättig, 1982), but a difference in strategy (initial 
response to a new stimulus) can be the most important difference between the RLA and RHA 
strain (see also chapter VII part 3 for the effects of diazepam). It is found that Roman Low 
Avoidance rats are faster in resolving the approach-avoidance conflict compared to the Roman 
High Avoidance rats in the conditioned punishment test. Earlier it was found that in the 
shuttlebox the TMB rats performed better than the TMD rats. The fast conflict resolver also 
performed best in the shuttlebox. If this is generally true the Roman Low Avoidance rats had to 
perform better than the Roman High Avoidance rats in the shuttlebox. This is, however, on the 
contrary is not to be expected on the basis of their selection and breeding history and indeed not 
found. The speed of conflict resolution and the active avoidance behavior in the shuttlebox are 
not related to one another, at least not in a simple way. 
In summary, in approach learning the Roman Low Avoidance rats have a slower start, but 
learn faster than the Roman High Avoidance rats. During passive avoidance - in the first recovery 
- no differences between the strains are found (in agreement with Driscoll and Bättig, 1982). 
RHA rats perform much better in the shuttlebox than RLA rats. Concerning the speed of conflict 
resolution a Strain effect and a Sex effect were found. RLA rats are faster than RHA rats and 
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females are faster than males in the speed of conflict resolution. Applying the summation-
hypothesis of Miller (1959) to these groups, better active avoidance of the RHA and the 
presumed better acquisition of the approach of the RLA could lead to faster conflict resolution in 
the RLA rats strain, which is, indeed, found. The speed of conflict resolution could well be 
predicted from approach and avoidance performance separately. 
CHAPTER SUMMARY 
APPROACH LEARNING: LEVERHOLD RESPONSE 
A direct comparison - for instance by computing genetic correlations - of the five experiments 
is not possible. Problems arise when comparing runway and Skinnerbox data, and for instance 
60 trial (WKY vs SHR) versus 20 trial approach training (TMB vs TMD, RLA vs RHA). For the 
comparison of the pairs of strains the latencies to reach the goal are analyzed. During the 
approach training stage large differences between individuals in the frequency and the duration of 
leverhold are found. The question was whether the latency to reach the goal was a discriminating 
variable, i.e. was sensitive for strain differences, or maybe the frequency and the duration of 
leverholds was more apt to reveal strain differences. 
For comparison of the acquisition of the approach response the data of the male TMB, TMD, 
RLA and RHA (all n=8) are used. The latency to gain 10 food pellets, the leverhold duration 
necessary to gain ten food pellets and the frequency of leverholds until ten food pellets are 
gained, are analyzed and compared within the four strains. Trendanalysis is made for the three 
variables latency, the total duration of the leverhold and the total leverhold frequency to gain 10 
pellets using the data of the males of the TMB, TMD, RLA and RHA strain for the first 6 
consolidation sessions in the Skinnerbox (table 5.19). 
TABLE S 19. Trendanalysis over the latency to gain 10 food pellets 

















EXPL VAR TREND 
% F ρ 
75 98129.49# 0 
12 18 30.01# 0 
8 60 12 28# 002 
% F ρ 
69 38 54.00« 0 
13 12 24.0S# 0 
10 35 10.47# 003 
% F ρ 
60 47 51.57« 0 
12 86 20.01« 0 








1 93 148 
1 07 378 
1 16 344 
91 447 
F ρ 




Quante and quinüc (rend were omitted 
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Strain differences in learning performance are found for the grand mean, the linear and the 
quadratic trend, similar to the results presented earlier for the separate experiments (table 5 19) 
These differences could be mediated by performance differences such as longer and/or more 
frequent leverholds This is investigated in two subsequent trend analyses concerning number 
and duration of leverholds during the acquisition training However, no differences between 
strams are found concerning the leverhold duration and frequency, indicating that the latency per 
se and not the frequency or total duration of leverholds is the significant variable for 
discriminating between the strains dunng approach training. 
AVOIDANCE LEARNING: SHUTTLEBOX 
To compare all strains in active avoidance learning, data of the 104 animals tested in this 
chapter are analyzed with the factors Strain and Sex (table 5 20). The procedure used for the 
shuttlebox expenments was the same in all expenments. Therefore, all data are combined in one 
analysis for revealing differences between groups, and especially the sexes and interaction 
between Sex and Strain. 
TABLE S 20 Differences in shuttlebox performance between 6 strains (SHR, 
WKY, TMB, TMD, RLA and RHA - in two expenments, experimentally naive 
and after experience) and the two sexes concerning shutllcbox behavior Means 
can be found in the separate tables, except for the female TMB and TMD which 


































Strain, and Stram by Sex Interaction , df=7,86 Sex, df=l,86 
On all variables significant strain differences are found However, the most interesting finding 
is that there are no sex differences in the avoidance response, that the females show significantly 
more escape responses than males and that males show significantly more sit responses than 
females. This finding points to a behavioral difference between the sexes in the shuttlebox that is 
related to sex differences found in the open-field, passive avoidance and other apparatus (females 
more active· Archer, 1975). 
APPROACH, AVOIDANCE AND SPEED OF CONFLICT RESOLUTION: 
GROUP COMPARISONS 
The comparison between the strains in made at four levels (table 5 20)· 
1) Approach: acquisition of an appetitive task, latency to a particular approach en tenon. 
2) Passive avoidance: first approach after shock, the first recovery, passive avoidance of the 
second half of the runway or of the lever in the Skinnerbox. 
3) Active avoidance: acquisition of an aversive task: active avoidance in the shuttlebox. 
4) Conflict resolution: integration of approach and avoidance behavior in an approach-
avoidance conflict according to the conditioned punishment paradigm. 
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TABLE 5.20a. Comparison of the strains concerning approach, avoidance and conflict behavior in the conditioned 
punishment paradigm, and active avoidance in the shuulcbox. 
EXPERIMENT 
Wistar vs BN 
Wistar vs WKY 
WKY vs SHR 
TMB vsTMD 

































BN < Wistar 
WKY = Wistar 
WKY=SHR 
TMB>TMD 
RLA > RHA 
Passive avoidance^ 
BN = Wistar 
WKY6 < Wistar 
WKY< SHR 
TMB = TMD 
RLA = RHA 
Active avoidance 
BN4 < Wistar5 
WKY = Wistar 
WKY=SHR 
TMB > TMD 
RLA < RHA 
Approach-Avoidance 
BN > Wislar 
WKY > Wistar 
WKY = SHR 
TMB > TMD 
RLA > RHA 
A>B means A faster than B. A<B means A slower than B. 
By comparing the results of the pairs of strains it is tried to unravel relationships between 
approach, passive avoidance, active avoidance and the speed of conflict resolution. The Brown 
Norway strain is slower than the Wistar rats in the acquisition of the approach task and the 
avoidance task and faster in the conditioned punishment paradigm. The Tryon Maze Bright strain 
is faster than the Tryon Maze Dull in approach, avoidance and conflict behavior. The Roman 
Low Avoidance seems to be faster in acquisition of an approach task, much slower in acquisition 
of the active avoidance task, but again faster in the speed of conflict resolution. From the 
comparison of these data it can be concluded that although there are interesting relations within 
these data on the level of group mean scores it is not possible to predict differences between the 
groups concerning the speed of conflict resolution from the acquisition and performance of the 
approach task or the avoidance task. 
The next - recommended - step in the analysis was to calculate genetic correlations between 
the approach, avoidance and conflict measures from the strains. That was, however, not possible 
because of the different designs of the experiments. For two experiments (WKY vs SHR and 
RLA vs RHA) in the Skinnerbox there is also a comparison on the level of individual scores 
possible. In the first experiment (experiment 9: WKY vs SHR) the shutdebox data were gathered 
before the determination of the speed of conflict resolution in the Skinnerbox (table 5.3). In the 
second experiment (experiment 12: RLA vs RHA) the shuttlebox experiment was done after the 
conflict experiment in the Skinnerbox (table 5.15). Individual correlations in the two experiments 
show no consistent relation of the goal latency in the conflict session to either the approach 
latencies (first, baseline or mean) measured in the Skinnerbox or the avoidance parameters 
(number of avoidances, escapes and no response) measured in the shuttlebox. However, the 
partial correlation and rank correlation in both experiments show significantly negative 
correlations between intertrial crossings and the goal latency in the conflict test. On the level of 
-'Data from the first recovery 
4Brown Norway shuttlebox data from Van Luijtelaar et al., 1988 
'Wistar shuttle box dala from van Hulzen and Coenen, 1982 
°WKY rats are pushed during first recovery 
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group means the SHR rats tend to have more intertrial crossings than WKY rats, but there are no 
differences in speed of conflict resolution. No differences between the Tryon and Roman strains 
are found in the intertrial crossings. It can therefore be concluded that the differences in the group 
means of the intertrial crossings are not predictable for the speed of conflict resolution, although 
the individual scores are strongly related to the speed of conflict resolution. 
TABLE S.21. Goal latency in the Skinnerbox conflict test related to approach 
latency in the Skinnerbox and variables measured in the shuttlebox two-way 
avoidance task. Partial correlation is controlled for Strain and Sex. Spearman rank 
correlation is calculated over all animals in the experiments. 
GOAL LATENCY 
Correlalion 
















- .41· -.40» 
.47 · .24 
-.10 -.07 
.25 .41 · 






- .38· - .51· 
.20 .21 
.32 · .00 
.16 .20 
In WKY vs SHR experiment shuttlebox test before Skinnerbox test; in RLA vs 
RHA shuttlebox test after Skinnerbox 
CHAPTER DISCUSSION 
Chapter V deals with the question whether the speed of conflict resolution can be related to or 
maybe even predicted from approach and avoidance measures separately. In approach learning 
the latency to attain a criterion response is a discriminative measure, because meaningful strain 
differences are found on this measure and not on the total leverhold duration or frequency. In the 
avoidance performance of the first recovery after shock only few strain differences are found. In 
avoidance learning in the shuttlebox on every measure strain differences are found and the 
shuttlebox test is therefore a discriminating test. Sex differences are found concerning the 
number of escapes and the number of sits. More sits and less escapes are found in males than in 
females. The integration of approach and avoidance, measured as the speed of conflict resolution 
shows many group differences. It is, however, not possible to predict the speed of conflict 
resolution on a basis of approach behavior or avoidance behavior separately. The speed of 
conflict resolution seems to be a unique variable. The resolution of intra-individual conflicts 
deserves to be measured, because it must be linked to survival related behavior and thus is a 
biologically relevant variable. Interestingly, no relation is found between the goal latencies in the 
first recovery and in the conflict test, as was suggested by the results of experiment 2. In both 
stages an approach-avoidance conflict with respect to the goal exists, but these conflict situations 
appeared to be qualitatively different. 
Differences in the speed of conflict resolution appeared to be not related to group differences 
in approach and avoidance behavior. In two experiments also individual correlations between 
approach, avoidance and conflict variables are investigated. No consistent relations are found 
between the goal latency in the conflict session with either the approach latency measured in the 
Skinnerbox or the avoidance parameters measured in the shutdebox. However, the number of 
intertrial crossings in the shuttlebox is significantly negatively correlated with the goal latency in 
133 
APPROACH-AVOIDANCE CONFLICT AND SPEED OF CONFLICT RESOLUTION 
the Skinnerbox conflict test. Fast conflict resolvers (short goal latency) show many intertrial 
crossings in the shuttlebox, while slow conflict resolvers (long goal latency) show few intertrial 
crossings. The speed of conflict resolution is thus related to locomotor activity in the active 
avoidance situation in the shuttlebox. This result points to the fact that not only the number of 
avoidances or escapes, but merely the activity that remains present in a context of noxious 
stimulation is determining the speed of conflict resolution. The shuttlebox avoidance task can be 
seen as a learning task with elements of conflict. In the initial phase freezing responses or passive 
avoidance dominates the behavior, and it is followed by reinforcement of active avoidance 
behavior in avoiding the punishment (Gray, 1982). Furthermore, intertrial crossings seem a non-
specific indicator of shuttlebox avoidance learning (Gomà and Tobeña, 1985). There exists a 
parallel between conflict in the conditioned punishment paradigm and in the shuttlebox. 
However, the approach component present in the conditioned punishment test, is absent in 
shuttlebox learning. Furthermore, group mean scores of the intertrial crossings are not 
predictable for the differences in speed of conflict resolution among the strains. 
As pointed out by other authors (for instance Bolles et al., 1976) the shutilebox task is a 
strange task. Bolles did not find changes in response latencies in the shuttlebox as an indication 
of learning the avoidance response, although the probability of an avoidance response increased 
in the course of time. In the experiments described in this chapter in all cases (except in case of 
naive RLA rats) the probability of avoidance increased over trials, and it was found that response 
latencies also changed in the course of shuttlebox training. However, in terms of conflict the 
shuttlebox lacks a safe place - a refuge or homebase - that is present for instance in the runway or 
even in the Skinnerbox. The animal jumps to the safe place, but during the next trial the safe 
place is the dangerous place and so on. The relation between the number of intertrial crossings 
and the speed of conflict resolution can perhaps be explained in terms of a relationship between 
oscillations in the shuttlebox as intertrial crossings and oscillations in the runway (or the 
Skinnerbox) between homebase (= no leverhold) and conflict point (= leverhold release before 
the criterion of 5 seconds is reached). 
What is the relation of all these findings with the conflict model of Miller? Based on the 
assumption that causal factor differences between the groups result in parallel variation in 
approach and avoidance tendencies, it is obvious that Miller's model does not predict differences 
in the speed of conflict resolution consistently (only in two out of five strain comparisons the 
prediction is right). Is it possible to conclude that the separate estimates of the approach and 
avoidance parameters do not result in prediction of the point of conflict in the model of Miller and 
hence of the speed of conflict resolution? Or is that representation of the facts too simple? 
Although there appears to be evidence that the findings in this chapter challenge the model of 
Miller in which the approach and avoidance components determine the eventual behavior, careful 
investigation learned that this approach was indeed too simple. By manipulation of the intercepts 
and the slopes of the gradients of the approach-avoidance conflict model of Miller always a 
configuration could be constructed that related the approach and avoidance tendencies in two 
strains to the conflict point found in those two strains. In some cases, however, postulates A, В 
and С of Miller's conflict model are challenged as a consequence. In this chapter for every group 
only one point of the approach and avoidance gradients is known and two points are necessary to 
determine a gradient or line. However, the main conclusion of this chapter is held upright: the 
speed of conflict resolution can not be predicted from the approach and avoidance data presented. 
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EXPLORATION AND O P E N - F I E L D 
The exploratory drive of an animal leads to approach behavior towards an object, the fear 
drive to avoidance behavior away from an object. If novel stimulation evokes both drives, it 
should generate an approach-avoidance conflict (Montgomery, 1955). The level of exploration 
shown by an organism is the net outcome of the competition between the tendency to approach a 
novel or complex stimulation on the one hand and the tendency to avoid it as fear-evoking on the 
other hand. According to this view there are two underlying motivational systems relating to 
exploration. This view contrasts the one factor explanation embodied by the Halliday-Lester 
theory of fear: low fear induces exploration; high fear results in avoidance (Russell, 1983). It 
appears, however, that the one-factor theory of Halliday-Lester is not compatible with much of 
the literature on fear and exploration (Russell, 1983), which favors the two-factor approach of 
exploration (Aulich, 1976). 
Laboratory studies of exploration - as Montgomery's - have often failed to take sufficient 
account of the adaptive significance of exploration and of the actual circumstances under which 
animals encounter environmental changes in the natural habitat (Russell, 1973). In a laboratory 
an animal is, in most cases, not offered a choice between a familiar environment and a novel one. 
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So, the introduction of an animal in the test apparatus is forced (called 'forced' exploration) 
leading to enormous differences in explorative behavior with respect to 'free' exploration 
(Welker, 1957). Therefore, it is tried to describe the adaptive context in which exploration and 
conflict are investigated in the open-field. 
Studies of exploration are often done in an open-field. Open-field behavior can be tested under 
two different conditions, i.e. 'free' exploration in which the animal can retreat from the 
open-field and the 'forced' exploration in which the animal is forced to stay in the field. This 
'forced' condition is the most commonly used and it measures activity in a two-dimensional way 
(Whimbey and Denenberg, 1967b). They interpreted high activity on the first test day as 'high 
emotionality', but high activity later on as 'low emotionality'. It is, however, difficult to 
distinguish both activities as two opposite trends in the behavior of an animal. On basis of the 
approach of Montgomery and Welker of the phenomenon of exploration, maybe open-field 
behavior can be seen as a type of simple conflict behavior, that relates to the approach-avoidance 
conflict and the speed of conflict resolution presented in this thesis. 
THE OPEN-FIFXD TEST 
The open-field is one of the most widely used tests in animal psychology. The popularity of 
this test is mainly caused by its simplicity, ease of quantification and wide applicability. 
However, the interpretation of open-field behavior shows a wide variety, the interpretation of 
ambulation or defecation in terms of 'emotionality' being the most popular. The first to use the 
open-field as a testing apparatus was Calvin Hall (1934). He measured defecation of rats in the 
field as an indicator of timidity. Since then over 30 different variables are measured in the 
open-field. Critical reviews of the open-field test as 'emotionality' test are given by Archer 
(1973) and Walsh and Cummins (1976, 1978). 
The open-field test consists of the measurement of behaviors elicited by placing the subject in 
a novel open space from which escape is prevented by a surrounding wall ('forced'). The most 
commonly used open-field has been the circular, but square and rectangular shapes are also seen. 
An extreme rectangular shape results in a straightaway or runway shape (Zimbardo and 
Montgomery, 1957). The level of illumination has been investigated thoroughly and it has 
consistently been found that high levels of illumination have a depressing effect on locomotor 
behavior. It is, however, surprising that in many studies illumination levels are not even 
mentioned. Important procedural variables are the starting position in the open-field of the subject 
and the duration of the test trial. In many cases only one trial is reported or the mean over a 
number of trials. In repeated testing, generally, an intertrial interval of 24 hours is reported. 
Denenberg (1969) gives a good description of the open-field test: "The rationale underlying 
the use of the open-field test is roughly as follows. Many mammals, when exposed to strange or 
noxious stimuli, will typically 'freeze'. Freezing appears to have adaptive significance in that it is 
more difficult for a predator to observe a nonmoving animal. A second consequence of exposure 
to such stimuli is that this will often trigger off activity in the autonomic nervous system. One of 
the results of such activity is that the animal will defecate. Thus, an emotional animal may be 
defined as one which, when exposed to noxious or novel stimuli, does not move about and will 
defecate. The open-field is a strange and mildly noxious new environment. With a pattern of 
lines on the floor to count activity we can test animals with the operational definition of an 
emotional animal with a low activity and a high defecation score. It seems to have ethological 
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validity, but this interpretation is circular reasoning." Individual animals may show their own 
particular pattern of emotional responsiveness in a single test. Thus one rat may run around the 
periphery of an open-field whereas an other might freeze and a third might defecate frequently 
but show little purely behavioral emotional response. All three responses would measure to some 
extent the degree of emotional responsiveness, but it would be difficult to extract a single 
emotional state from the various measures. 'Emotionality' lacks any clear external criteria 
(Tachibana, 1980). Most dependent variables measured in the open-field are a form of motor 
behavior with the number of squares traversed as an index of ambulation. It is, however, 
virtually impossible to distinguish emotional ambulation from explorative ambulation or escape 
ambulation from explorative ambulation. Ambulation scored according to its location towards 
sides or near the comers of a square open-field is called thigmotaxis or wall-hugging. It is then 
an index of timidity (Valle, 1970). Defecation is the most common used index of emotionality 
(Walsh and Cummins, 1976). 
BIPHASIC INTERPRETATION OF OPEN-FIELD BEHAVIOR 
The suggestion that both the approach and avoidance tendencies are measured in the 
open-field is presented more often (for example in Valle, 1971, Soubrié, 1971, Bond and Di 
Gusto, 1977). Especially in a non-stressful open-field hypotheses concerning an animal analogue 
for extraversion and neuroticism - dimensions of Eysenck's personality theory (1967) - are 
investigated in rats (Garcia-Sevilla, 1984, Gomà and Tobeña, 1985). Another biphasic 
interpretation of open-field behavior has recently been proposed more explicitly in an eco-
ethological interpretation by Suarez and Gallup (1981). In their view both approach and 
avoidance tendencies are present in the open-field. Predator evasion is the dominant response in 
the open-field as a consequence of handling and placing the subjects in the open-field; a kind of 
predatory encounter with the experimenter, that they survived. Sudden social separation from 
conspecifics in the homecage results in social reinstatement tendencies. According to their 
interpretation the avoidance tendencies in the open-field are determined by predator avoidance 
tendencies and the approach tendencies in the open-field consist of social seeking tendencies. 
CONFLICT THEORY AND OPEN-FIELD 
The open-field as an apparatus to study conflict has a long history. Already Hall (1936) 
induced a conflict in the open-field by offering food in the center (the most aversive part) of the 
open-field. More specific studies of approach-avoidance conflict are done with the approach-
avoidance procedures described by Miller (1959). Miller wrote that 'conflict behavior should be 
studied in a two-dimensional space to determine whether subjects would circle as predicted from 
the theory' (Miller, 1959, p. 235). A number of approach-avoidance conflict studies are done in 
the open-field. In an open-field, instead of the forward and backward oscillations observed in the 
straight runway, Hull predicted movement laterally around the goal at a relatively constant 
distance (Hull, 1952). This circling behavior is studied in three studies. McCarthy and Jennings 
(1968) chose an open-field to study the circling behavior at the conflict point, because 'An 
open-field test was chosen because lateral movement is possible and the environment is most like 
creatures find themselves in conflict. Thus, an open-field should make it possible to leam more 
about the establishment of conflicting behavior, about how conflicts are resolved, and about 
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other behavioral effects which accompany the establishment and resolution of conflicts'. Their 
results support the theory based on straight-alley data. However, different circling distances from 
the food dish in the center of the open-field for the high and low shock groups they used in this 
experiment, as predicted by Hull (1952), were not found in the study of McCarthy and Jennings 
(1968). Zohner (1968) investigated the circling behavior too and found that in only a few trials 
the predicted circling behavior occurred. Siddle and Mangan (1968) found clear circular 
oscillatory movement in an open-field and could demonstrate, that the amount of such movement 
is a function of the absolute strength of the competing response tendencies. In all these 
approaches a manipulation of approach (by food deprivation) and/or avoidance (by shock 
administration) tendencies was the basis of the observed conflict behavior. Goude (1981) 
developed a learning theoretical choice model of approach-avoidance in a two-dimensional and 
tested this dynamic conflict model in the open-field (see chapter Ш). 
In conclusion: although there are many suggestions that behavior of a rat in an open-field is 
determined by approach and avoidance tendencies, real proof of the existence of underlying 
approach and avoidance tendencies that determine the open-field behavior of a rat is nowhere to 
be found in literature. In this chapter it is tried to confirm the conflict character of open-field 
behavior of the rat by investigating the relation of open-field behavior with the conflict behavior 
of rats in runway and Skinnerbox in which subjects were tested with the conditioned punishment 
paradigm. 
In a pilotexperiment a correlation was found between the speed of conflict resolution and the 
difference in locomotor activity measured over two open-field test days (appendix 1). The change 
in locomotor activity in the open-field seems a crucial variable. In the first part of the chapter the 
relation between open-field crossings on different days in different parts of the open-field is 
determined the reveal properties of this change in activity. In the second part a comparison of 
group mean scores of open-field variables and the speed of conflict resolution is presented (data 
of experiments described in chapter IV and V). In the last part of the chapter a meta-analysis is 
made for individual correlations between open-field variables and the speed of conflict 
resolution. 
EXPERIMENT 13. FACTOR ANALYTICAL APPROACH OF OPEN-FIELD 
CROSSINGS 
INTRODUCTION 
Many measures of open-field behavior are related. Very often a negative correlation between 
ambulation and defecation is reported (Archer, 1973, Gray, 1979, Walsh and Cummins, 1976). 
There is a high correlation between the various measures of motor behavior: ambulation, latency 
to move and rearing (Ivinskis, 1968). Whimbey and Denenberg (1967b) found that correlations 
of Day 1 ambulation with scores of subsequent days are about 0.5 and that they are lower than 
intercorrelations of pairs during other days. In a factor analysis they showed that activity scores 
in the open-field are factorial complex and represent both the dimension of emotional reactivity 
and the dimension of exploration as two independent dimensions rather than two extremes of one 
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bipolar dimension. The interpretation of locomotor activity completely changes from day 1 to day 
2. On day 1, high activity indicates high emotionality, while high activity after that day is an 
indication of low emotionality. The results are, however, criticized because Whimbey and 
Denenberg used group mean scores for their factor analysis and not individual scores (Archer, 
1973). Another factorial analysis concerning the construct validity of open-field measures leads 
to the following conclusions (Royce, 1977): 
Three invariant first-order factors underlie 5 measures of one third-order construct of 
emotional stability. These factors are: 
a) Latency to move, activity (ambulation) and penetration into the center are primarily indices 
of motor discharge (factor 1). 
b) Defecation is primarily an index of autonomic balance (factor 2). 
c) Urination is primarily an indication of territorial marking (factor 3). 
Factor analytic approaches are presented to investigate the emotionality hypothesis concerning 
open-field ambulation and defecation. Preceding the first experiment done in the Skinnerbox 
concerning the speed of conflict resolution an open-field test was done, in which relations 
between locomotor variables and the speed of conflict resolution measured in the Skinnerbox 
were found (see appendix 1). In particular the difference in locomotor activity between two 
open-field test days seemed to be important. In the experiment described here the main point 
concerns the activity and the location of the animal during the 5 minutes of open-field testing. 
The crossings in the different parts may be correlated, and the number of crossings over several 
days may be correlated, too. Factor analysis gives an insight in the strength of these correlations 
with underlying factors, that could be extracted in a factorial analysis. Principal axis factor 
analysis with iterations (PA2 with varimax rotation) is made to reveal common factors underlying 
the open-field crossings over several days. 
In a pilotexperiment a correlation was found between the speed of conflict resolution and the 
difference in locomotor activity over two open-field test days (appendix 1). The change in 
activity in the open-field seems a crucial variable. Therefore, the purpose of the experiment 
presented here was to replicate the change in factor loading of the activity measures from day 1 to 
day 2 as presented by Whimbey and Denenberg (1967b), and helping to find potential variables 
related to conflict resolution, which represent the change from day 1 to day 2 in the open-field 
test. The experiment was done with 38 animals and their open-field crossings were 
intercorrelated and factor analyzed. 
METHODS 
Subjects 
Subjects were 38 male Wistar rats (Wu(SPF63)Cpb), raised in our own laboratory. They 
were kept in 10 litters of three or four males with the mother, females were removed. These 
males were not experimentally naive, but had experienced several short behavioral tests during 
their development from day 1 until day 60. They were weaned at day 24 and housed alone. At 
day 90 open-field testing started and lasted for four days. They were kept on a 12:00 hr day/night 
cycle with lights on at 8:00 a.m. and off at 8.00 his p.m. 
Apparatus and procedure 
See general apparatus of chapter II. In short, the open-field consisted of a square wooden 
floor (100x100 cms) painted white (Vossen, 1966). Black lines divided it in 36 equal squares. 
The walls were 35 cms high and painted white except the front wall which was made of 
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plexiglass. Illumination was realized by red TL bulbs in the observation room giving very dim 
illumination on the floor of the open-field. The number of open-field crossings in the center and 
corner and along the side and the number of defecations were counted dunng 5-minute tests on 
four consecutive days. Total crossings represent the summation of all crossings in 5 minutes. 
Wall crossings represent the summation of the side and comer crossings in 5 minutes. 
RESULTS 
The total crossings during the four days of open-field testing of the 38 subjects were 
calculated and correlated in the way Whimbey and Denenberg (1967b) did with the group mean 
scores of 16 groups. In table 6.2 the results are shown for the correlations between crossings 
and defecations on subsequent days for individual scores and the group mean scores. In both 
analyses high correlations between subsequent days are found. The correlations between day 1 
and day 3 and day 4 are much lower than for the subsequent days, indicating that a switch in the 
relation between the activities occurs. 
The differences between the correlations calculated on an individual basis appeared to be 
significantly different based on the method of Steiger (Bienias, 1987). The correlations between 
the group mean scores of Whimbey and Denenberg1 show the same differences. 
TABLE 6 2 Inlercorrelalions of open-field activity scores and 
defecation scores of individual or group mean scores on four successive 



















.38 ( 55) 
30 (66) 
Activity scores (below diagonal) and defecation scores (above diagonal) 
of 38 individual Wisiars or group mean scores (in brackets, after 
Whimbey and Denenberg, 1967b) on four successive days of testing 
For the present presentation the Whimbey and Denenberg correlations 
are reversed (sec text) 
A factor analysis was made of the crossings of day 1 to day 4 to find the changeover point of 
importance in the number of crossings (table 6.3). Three factors are extracted from these data 
with Eigenvalues above 1. Factors are presented in the same sequence as in the remaining part of 
this chapter. Factor 1 accounts for 9% of the variation and has high loadings of the number of 
crossings along the sides and in the comers of day 1. Factor 2 has especially high factor loadings 
of the side- and comer-crossings of day 2, 3 and 4. Factor 3 has high (and significant) loadings 
of the center-crossings of day 1,2, 3 and 4. Because crossings on day 2, 3 and 4 appear to have 
roughly the same loadings on the factors the analysis is made also over the crossings of two 
open-field test days (table 6.3). 
1
 The original table of Whimbey and Denenberg did not show any significant differences, 
despite their claims. However, in their original table the data of defecations and ambulation 
seems to be interchanged, although no erratum appeared later in literature. For the present 
presentation the correlations are reversed. 
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TABLE 6.3. Factor loadings of open-field line crossing on ihree extracted factors. 
Crossings 
Center day 1 
Side day 1 
Comer day 1 
Center day 2 
Side day 2 
Comer day 2 
Center day 3 
Side day 3 
Comer day 3 
Center day 4 
Side day 4 
Comer day 4 










































































Eigenvalues above 1: 4 subsequent days (factors la, 2a, 3a) and 2 subsequent days (factors lb, 2b, 3b) 
DISCUSSION 
The correlations between the total activities on the four open-field test days point to a switch in 
meaning of locomotor activity in the course of these days. Data of individual animals lead to 
same conclusions as the ones given earlier by Whimbey and Denenberg (1967b) for group mean 
scores. Factor analysis of open-field crossings is made to determine underlying factors in 
open-field crossings along the side, in the comer and in the center of a square open-field test 
apparatus. Essentially three factors determined the open-field activity. 
The factor analysis shows that the most important variation is found on day 1 and day 2 of 
open-field testing. Day 3 and 4 add no essential information. Crossings along the sides and in the 
comers on day 1 and on day 2 load on different factors, so they must be basically of a different 
meaning. Center crossings load all on the same factor 3. The conclusion is that there are three 
essentially different activities in the open-field based on the the number of crossings counted in 5 
minutes. The side and comer activity on day 1, the side and comer activity on day 2 (and 
following days) and the center activity on day 1 and 2 (and following days). It is concluded from 
these data that two days of open-field testing give sufficient information about open-field 
crossings (the locomotor activity) and open-field use of the subject. 
The interpretation of the activity factors can be as follows. On the first day in an open-field 
isolated animals show often very high activity (Gentsch et al., 1982), the occurrence of jumping 
against the walls of wild rats (Price and Huck, 1976), 'free'-exploration studies (Welker, 1957, 
Aulich, 1976), the rearing against the wall of the open-field combined with the thigmotaxic 
activity near the side and comer points to an 'escape' interpretation of factor 1, because escape 
tendencies appear to be the most pronounced in the behavior of a rat on the first day in an 
open-field. Factor 1 is the 'escape' factor. A high number of crossings on day 1 is indicative 
of high escape activity. The thigmotaxic activity along the side and in the comer on the second 
day (and subsequent days) may be caused by explorative activity of seeking a safe place (hiding) 
along the walls of the open-field and lead to a 'hide' interpretation of factor 2 ('hide' factor). 
Factor 3 can be most probably interpreted as an 'seek' factor. The center of the open-field can 
be seen as the feared goal of Miller's approach-avoidance conflict model. Some rats and some rat 
strains show no entrance of the center of the open-field and only thigmotaxic activity. It is to be 
expected that animals with high avoidance tendencies remain in the comers of a square 
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open-field. Animals with less avoidance tendencies show strong thigmotaxic activity and circle 
along the walls (Siddle and Mangan, 1968) and only the more approach motivated animals enter 
the center of the open-field. They show explorative activity for the new environment. 
The interpretation of the three factors in terms of conflict behavior can be as follows. In case 
the open-field is a conflict test, i.e. if there exists a conflict between two incompatible responses 
in the open-field that can be solved, it has to be a conflict in terms of Montgomery's postulates; 
an explorative and fear drive, operating in incompatible directions. However, the open-field test 
is a forced test. Hence, escape tendencies can prevail in the beginning of forced exposition. This 
can be interpreted as 'avoidance of the conflict situation'. When attempts to leave the field have 
subsided, the animal gets involved in conflict resolution, in which 'object approach' and Object 
avoidance' are the main driving forces. In stead of a simple approach-avoidance conflict with 
respect to a certain object (for instance the center of the open-field), the tendencies of the animal 
to get involved in or avoid the conflict (escape the field) are extremely important. These 
tendencies are forced to appear in the 'forced' open-field test and hence three factors are found 
determining the activity performed in the open-field. 
Comparison of the factors of the open-field with factors in the runway leads to the following 
interpretation. The factor 'escape' is maybe related to the activities in the direction of the 
homebase. High escape activity (open-field: running along the wall on the first day) results in 
longer stays in the startbox or more oscillations between startbox and conflict point in the first 
half of the runway (no CS) and hence slower conflict resolution (experiment 3). The 'seek' and 
'hide' factor are related to approach (running to the goal) and avoidance (running to the startbox 
after CS presentation) with respect to one goal as described by Miller's conflict model. 
Comparison of the factors of the open-field with factors in the Skinnerbox leads to the following 
interpretation. The factor 'escape' is maybe related to periods of no leverhold response, i.e. the 
subject avoids the conflict. High escape activity (open-field: running along the wall on the first 
day) results maybe in longer periods of avoiding the lever. The 'seek' and 'hide' factor are 
related to approach (leverholding) and avoidance (aborting the leverhold) with respect to one goal 
as described by Miller's conflict model. 
As is stated in the introduction, the change in loading of open-field activity from day 1 to day 
2 seems to be important, and will be incorporated in a special variable measuring this change. 
Tachibana (1985) promotes the aggregation of open-field variables over days, but this seems 
only an appropriate technique for day 2, day 3 and day 4 in this test. However, the easiest 
method of including the variation of open-field crossings is to construct a difference measure. 
The delta wall - Δ wall - seems to be the best candidate and measures the difference between the 
wall crossings on day 1 (wall day 1) subtracted from the wall crossings of day 2 (wall day 2); 
(wall crossings = side crossings + comer crossings; Awall = wall day 2 - wall day 1). Center 
crossings load on the same factor. Another measure of difference can be the open-field delta -
AOF, i.e. the total crossings on day 1 (total day 1) subtracted from the total crossings on day 2 
(total day 2); (total crossings = side crossings + comer crossings -(-center crossings; AOF = total 
day 2 - total day 1). Awall and AOF are strongly related to each other and are both related to the 
change in activity from day 1 into day 2. Awall and AOF will be special subjects of study, 
because of their presumed relationship with the speed of conflict resolution found in the first 
Skinnerbox experiment. 
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OPEN-FIELD ANALYSIS, HYPOTHESES, RESULTS, META-ANALYSIS 
INTRODUCTION 
The open-field test is one of the most widely used tests in animal psychology. It is, however, 
badly standardized. Illumination levels, the presence of the observer and the noise level during 
the test are highly variable. This fact led to a number of suggestions with respect to the execution 
of the open-field test. Both the reviews from Archer (1973) and Walsh and Cummins (1976) 
concerning the open-field test end with a few suggestions that might improve the value of the 
open-field test in animal behavior research. The suggestions are reproduced here. 
Archer (1973) proposes 2 different open-field strategies: 
1) Adaptation to novelty: without reference to the constructs of emotionality or exploration. 
Many behaviors show increases or decreases with repeated testing. 
2) Measures of emotional behavior: a single trial to measure initial emotional behavior with the 
sounding of a bell after two minutes. 
The first suggestion is investigated in this chapter and more specifically as an approach-
avoidance conflict test. Since we are not interested in 'emotionality' as an open-field measure the 
second suggestion does not apply to our methodology. 
In the review of Walsh and Cummins (1976) the following suggestions are made: 
1) There is a need for more specifications of the open-field in published research, apparatus 
and testing conditions. 
2) The experimental design must focus on the nonadditive aspects of behavioral 
determination. More information is obtained from multifactor, multivariate designs. 
3) Dependent variables need reliability and validity testing. 
4) Factor analysis and an ethological approach seem to be especially relevant techniques. 
In literature the features of the open-field are not always specified as needed. In the research 
presented here all open-field tests were done under the same conditions. Data from all 
experiments can be compared very well, because the illumination level, the presence of an 
observer and the noise level are the same. In this research mostly multifactorial designs, 
particularly the use of both sexes in the experiments is propagated (suggestion 2). The validity is 
especially tested in this chapter by relating dependent variables of different tests to each other 
(suggestion 3: AOF and speed of conflict resolution). Following the advice of suggestion 4 
factor analysis of open-field crossings has been presented in this chapter and an ethological 
approach of open-field behavior is presented in chapter VII. 
In this chapter relations between open-field measures and the speed of conflict resolution are 
investigated. In most experiments described earlier an open-field test preceded testing the animals 
in the Skinnerbox or runway in the conditioned punishment paradigm. It is important to know 
that the estimation of the speed of conflict resolution in the conditioned punishment paradigm is 
not influenced by the open-field pretest as is revealed in experiment 10. 
For validation of the open-field test factor analyses are often made (Whimbey and Denenberg, 
1967b and Royce, 1977). A logical extension of interrelating open-field measures is the 
validation of the test by correlating it with measures in other behavioral tests. Such correlations 
provide information about the interpretation of what the apparatus specifically measures. Some 
correlations between ambulation in open-field and other apparatus are reported, but are generally 
143 
APPROACH-AVOIDANCE CONFLICT AND SPEED OF CONFLICT RESOLUTION 
low. However, ambulation has also been found to be correlated with measures whose 
ambulatory nature is less obvious and maybe the speed of conflict resolution in one of them. 
The most important relations between the open-field test and other psychological tests are 
presented here. Woods, Ruckelshaus, and Bowling (1960) found significant correlations of the 
Hebb-Williams'-maze error scores with ambulation in rats reared in free and restricted 
conditions. They suggested that the often reported finding of lower error scores on maze and 
discrimination tasks in animals reared in environments of increased environmental complexity 
might be due to a reduction in conflicting exploratory tendencies rather than to an increase in 
learning ability. An interpretation that is in concordance with the hypothesis of Vossen (1966) 
about the behavior difference between Tryon Maze Bright and Tryon Maze Dull rats. The last 
strain seems to be much more distracted by explorative tendencies in difficult tests. Lát and 
Gollová-Hémon (1969) showed that open-field measures related significantly to measures of 
learning in a double T-maze: running time between startbox and first runway and decision time 
on choice points in their T-maze. Wilcock and Broadhurst (1967) found that ambulation in the 
open-field showed a significantly positive correlation with avoidance latency, intertrial crossings, 
first avoidance and CS aversion in a number strains. Wetzel and Matthies (1982) showed an 
example of the open-field as a pretest for the selection of the experimental subjects. Adult Wistars 
were selected according to their open-field ambulation and classified in two groups: animals 
showing the most activity during the first two minutes (fast habituation) or after the first two 
minutes (delayed habituation) of a ten minute observation period. Both groups did not differ in 
learning performance, but fast habituated rats show a better retention in an Y-maze task. Open-
field ambulation is positively correlated with intertrial crossings in the shuttlebox (Wilcock and 
Broadhurst, 1967) and intertrial crossings are positively correlated with the goal latency in an 
approach-avoidance conflict (see chapter V). These relations are promising for the use of AOF in 
relation to the speed of conflict resolution. 
Data of a number of experiments from chapter IV and V are used to compare open-field 
measures and speed of conflict resolution. Group differences are based on effects of social 
isolation and genetic differences. 
Effects of social isolation and differences between the sexes are investigated and discussed in 
relation to differences in speed of conflict resolution found in the conditioned punishment conflict 
test in chapter IV. The nature of emotional behavior as measured in the open-field is similar 
across sexes (Tachibana, 1985). Even the estrus effect is not large enough to compromise results 
concerning open-field behavior. However, sexual receptivity in female rats may be accompanied 
by reduced anxiety in a conflict situation (Rodriguez-Sierra et al., 1984). 
Genetic differences between strains lead to different behaviors. Strains that show differences 
in open-field behavior, are selected for research concerning the speed of conflict resolution 
(chapter V). The Maudsley reactive and non-reactive strains are selected for open-field defecation 
as a measure for emotionality (Broadhurst and Eysenck, 1968). They also differ on open-field 
ambulation, the non-reactive strain being more active than the reactive. Both strains are tested 
according to the Miller conflict procedures in the runway (Savage and Eysenck, 1968). The 
Maudsley reactive has a higher conflict score - (B-A)/A where A is the control and В is the 
experimental measure - than the non-reactive animals and is hence a slower conflict resolver. 
Also strain differences are not biased differentially by the open-field measurements at least in an 
experiment with three strains tested (Tachibana, 1984). 
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Hypotheses concerning open-field measures are formulated and relations between open-field 
measures and speed of conflict resolution - results of 6 experiments - are combined in a 
meta-analysis. 
ANALYSIS 
A selection of the open-field variables is made for the analysis. The selection is based on a 
number of hypotheses that could be made on the basis of the literature concerning open-field 
behavior. Variables that are probably related to conflict are analyzed. Grooming and headshaking 
are omitted from the presentations (tables), because of the low frequency of occurrence and the 
skewed distributions of the data. Several measures concerning crossings are recalculated to 
produce measures that may be viewed as indicative of an approach-avoidance conflict. The 
open-field measures analyzed are: 
Locomotor Activity 
Iso-reared animals show often hyperactivity in the open-field compared to socio-reared 
animals on the first day in the open-field test (Gentsch et al, 1982). High activity on day 1 is 
often seen as escape activity (Aulich, 1976). High escape activity is interpreted as trying to leave 
the field as is known from avoidance-avoidance conflicts, and leaving the field does not solve an 
approach-avoidance conflict. Therefore, high activity on the first day in the open-field is most 
probably related to slow conflict resolution (wall crossings: hypothesis 2 and total crossings: 
hypothesis 5). High activity on day 2 is mainly interpreted as high explorative activity. High 
explorative activity can be aimed at the center or the wall part of the open-field. However, it 
means that the subject is in conflict and remains active. From the runway behavior it is known 
that the most active animals in the conflict situation are the faster conflict resolvers. Therefore, a 
high day 2 locomotor activity (along the wall and total) is most probably associated with a fast 
speed of conflict resolution (wall crossings: hypothesis 3 and total crossings: hypothesis 6). 
Group differences in the speed of conflict resolution are to be expected on the basis of the total 
crossings on day 1 (A) and the total crossings on day 2 (B). 
Change in Activity 
Individual differences are measured by intra-individual changes during the open-field test days 
as intersession habituation. Fast habituation to the new conflict situation in the open-field could 
be a characteristic of fast conflict resolvers in the runway or Skinnerbox. This habituation can 
take place in the open-field by the stabilization of the activity of the animal; it is known that after 
the first two days no significant changes in activity take place (see experiment 13). The activity 
measured on day 2 and the following days are the activity of an animal in a familiar environment. 
The activity on day 1 in the open-field is, however, the activity in a new situation. The difference 
between the normal (day 2) and the new (day 1) situation is maybe a measure of the speed of 
habituation. Animals that habituate fast show no change in activity during open-field test days. 
These animals are already habituated within the first open-field test. Slow habituation is 
characterized by a great change (decline) in activity between day 1 and day 2 in the open-field. 
The change in activity is calculated by subtraction of the activity measured on day 1 from the 
activity of day 2: AOF crossings (B-Α). A strong decline in locomotor activity is presumed to be 
related to slow conflict resolution (wall crossings: hypothesis 4 and total crossings: hypothesis 
7). Another reason to use AOF measure as an absolute measure is given by the manova method 
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for analyzing repeated measures designs of O'Brien and Kaiser (1985), i.e. absolute difference 
scores between repeated measures. From the factor analysis we know that the main activity and 
activity change is found along the walls on day 1 and day 2. The wall activity and the Awall (the 
change in wall activity is calculated by subtraction of the wall activity measured on day 1 from 
the wall activity of day 2: Awall=wall day 2- wall day 1) are - based on the result of the factor 
analysis of experiment 13 - the most probable measures of a change in locomotor activity. 
Another argument to use the change in activity is that if measurement errors are positively 
correlated over time, the reliability of difference scores may be higher than that of either of the 
original activity measures (after Williams and Zimmerman in Labouvie, 1980). Difference 
measures - Awall and AOF - maybe more reliable than either of the crossings on day 1 and day 
2. The use of difference scores of open-field activity can also be found in Einon et al. (1978) as a 
measure of habituation. They used, however, a one minute intertrial interval instead of 24 hours. 
They found no difference between the two tests in activity in iso-reared rats and an increment in 
activity in socio-reared animals in their experiment. These results differ largely from results of 
social isolation effects tested in two open-field tests with a 24 hour interval (Dalrymple-Alford 
and Benton, 1981). 
Location of Activity 
In the runway results (experiment 3) it is found that the startbox is a kind of shelter or 
homebase, from which exploration towards the goalbox is undertaken. The returning to the 
center of the open-field from the shelter of the comers and sides is comparable to this kind of 
process of 'hide and seek'. From literature the so-called thigmotaxis indicating attractiveness of 
the walls is well-known (Walsh and Cummins, 1976). The thigmotaxic measures are defined 
here as follows: thigmotaxis day 1: number of crossings in sides and comers on day 1 divided by 
the total amount of crossings on day 1. Thigmotaxis day 2: number of crossings in sides and 
comers on day 2 divided by the total amount of crossings on day 2. The thigmotaxis measure lies 
between 0 and 1. When this measure is almost one the animal is wall hugging and limits all its 
activity to the walls of the open-field: he is seeking a 'hide'. A highly thigmotaxic animal is a 
slow conflict resolver (hypotheses 8 and 9). A change in the location of the activity is possible 
and measured by the difference in thigmotaxis (Athigmotaxis = thigmotaxis on day 2 -
thigmotaxis on day 1). A decrease in this measure (the animal gets less thigmotaxic) is associated 
with fast conflict resolution (hypothesis 10). 
Rearing Behavior 
Rearings - including leanings against the wall - are an indication of escape tendencies on the 
first day in the open-field and an indication of exploratory tendencies on the second day of the 
open-field test (Aulich, 1976). Many rearings on day 1 can be related to slow conflict resolution 
(hypothesis 11) and many rearings on day 2 with fast conflict resolution (hypothesis 12). 
Defecation 
Boli in the open-field are an indication of emotional behavior (Hall, 1934, Walsh and 
Cummins, 1976). Many boli in the open-field on both test days are supposed to be be related to 
slow conflict resolution (hypotheses 13 and 14). 
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BASIC H Y P O T H E S E S : ΔΟΡ 
A number of hypotheses are investigated concerning open-field behavior and the speed of 
conflict resolution measured in the conditioned punishment paradigm by relating the results of the 
conditioned punishment test to the results of the open-field test. The first hypothesis investigated 
concerns the factor structure of center, side and comer crossings. Hypothesis 1 states that there 
are of three factors determining open-field crossings, one related to the side and comer crossings 
on day 1, one related to the side and comer crossings on day 2 and the third factor related to the 
center crossings on day 1 and day 2. In table 6.4 an overview of the remaining 13 hypotheses is 
presented, described in the preceding section. 
TABLE 6.4. Basic hypotheses concerning the relation between open-field measures and speed of conflict resolution. 
Analysis 
Variable 
Wall day 1 
Wall day 2 
Awall 
Crossings day 1 
Crossings day 2 
ΔΟΡ 
Thigmolaxis day 1 
Thigmotaxis day 2 
AThigmotaxis 
Rearings day 1 
Rearings day 2 
Boll day 1 
Boh day 2 
























All hypotheses are first investigated on the level of group mean scores, of which the 
AOF-hypothesis is emphasized and presented graphically. The AOF-hypothesis states that 
AOF (i. e. the locomotor activity on day 2 - day 1 in the open-field test) is negatively related to 
the goal latency - and positively to the speed of conflict resolution -, measured in the conditioned 
punishment paradigm. In the general discussion the comparison on the basis of group mean 
scores is followed by the investigation of the individual correlations with the speed of conflict 
resolution. 
R E S U L T S : AOF 
Open-field and speed of conflict resolution 
Social isolation: Running for food 
In experiment 4 it is found that socio-reared males are faster in resolving an approach-
avoidance conflict than iso-reared males and both groups of females. On the basis of the 
AOF-hypothesis an interaction effect is expected on AOF, at least socio-reared males must show 
a higher AOF than iso-reared males. 
The factor structure of the open-field crossings is as expected (appendix 5A). The 'escape' 
factor explains most variation. AOF shows an interaction between Sex and Rearing Condition: 
the socio-reared males show the highest AOF. The results from the open-field test are in 
concordance with the AOF-hypothesis, i.e. fast conflict resolvers show a higher AOF compared 
with slow conflict resolvers (figure 6.2). 
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Figure 6.2. Locomotor activity 
in the open-field of socio-reared and 
iso-reared male and female Wisiar 
rats in experiment 4. Locomotor 
activity on test day 1 and test day 2 
and the difference between both 
days (AOF) are presented. 
MALE socio MALE iso FEMALE socio FEMALE iso 
SEX - REARING CONDITION 
Social isolation: Running for sex 
In experiment 6 an effect of the Rearing Condition of the subject is found concerning the 
speed of conflict resolution in the second group of starters. On the basis of the AOF-hypothesis a 
lower AOF was expected for iso-reared animals than for socio-reared animals in the open-field 
data. 
The factor structure of open-field crossings is comparable with that presented in experiment 
13 (appendix 5B). A significant effect of the Rearing Condition on AOF is found: socio-reared 
animals have a higher AOF (figure 6.3). 
200-
Figure 6.3. Locomotor activity 
in the open-field of socio-reared and 
iso-reared male and female Wisiar 
rats in experiment 6. Locomotor 
activity on test day 1 and test day 2 
and the difference between both 
days (AOF) are presented. 
MALE socio MALE iso FEMALE socio FEMALE iso 
SEX - REARING CONDITION 
Strains: Wistar and Brown Norway 
Brown Norway subjects solve the approach-avoidance conflict faster than Wistars (Chapter V 
experiment 7). Concerning open-field behavior the expectation is that the Brown Norway strain 
shows a higher AOF than Wistars. 
The factor structure of open-field crossings in this experiment is as expected, i.e. significant 
loadings of the crossings on the three separate factors (appendix 5C). AOF shows the expected 
trend with the Brown Norway: a higher AOF, but the difference does not reach significance 
(figure 6.4). AOF is, however, in the expected direction and in agreement with data from Van 
der Staay (in press). He found a significant increase of 11.83 crossings in 106-week; old animals 
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Wu socio Wu iso BN socio BN iso 
STRAIN - REARING CONDITION 
Figure 6.4. Locomotor activity 
in the open-Held of socio-reared and 
iso-reared Wistar and Brown 
Norway rats. Locomotor activity 
on test day 1 and test day 2 and the 
difference between both days (ΔΟΡ) 
arc presented. 
Strains: Wistar and WKY 
WKY subjects solve the approach-avoidance conflict faster than Wistars (Chapter V 
experiment 8). Concerning open-field behavior the expectation is that the WKY strain shows a 
higher ΔΟΡ than Wistars. 
The factor structure of open-field crossings again is comparable with the structure presented in 
experiment 13. Most variation is again explained by the 'hide'-factor (appendix 5D). On the first 
test day Wistars cross more open-field squares than WKY subjects, but not on the second day in 
the open-field, resulting in a significantly higher ΔΟΡ in WKY rats, which are the faster 





Figure 6.5. Locomotor activity 
in the open-field of male and 
female Wistar and WKY rats. 
Locomotor activity on test day 1 
and test day 2 and the difference 
between both days (ΔΟΡ) are 
presented. 
Wu male Wu female WKY male 
STRAIN - SEX 
WKY female 
Strains: Tryon Maze Bright and Dull 
TMB rats are faster conflict resolvers than TMD rats in the conditioned punishment test, 
presented in chapter V concerning strain differences (experiment 10). Half of the animals were 
tested in the open-field before the conflict test. The other half was tested in the open-field after 
the Skinnerbox conflict test. 
The factor structure is as expected, i.e. significant loadings of the variables on three separate 
factors (appendix 5E). Most variation is explained by the first factor (the 'escape' factor). 
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Concerning ΔΟΡ a marginally significant strain effect is found, but the interaction between the 
strain and test factor is strongly significant on the ΔΟΡ. The open-field test done before the 
conflict test showed the expected strain difference. 
-100 -I . 1 . 
TMB TMD TMB TMD 
STRAIN 
On the first day of the open-field test a significant difference in activity between the two 
strains is found; the TMB is less active than the TMD. The second day this difference has 
disappeared. This difference causes ΔΟΡ to be significantly different: the TMB with a positive 
ΔΟΡ and the TMD with a negative ΔΟΡ (figure 6.6). These results are in concordance with the 
AOF-hypothesis and the already reported difference in speed of conflict resolution. Post-hoc 
Duncan comparison showed that the ΔΟΡ of the TMD rats tested before the Skinnerbox conflict 
is significantly different from the three other groups. After the conditioned punishment test in the 
Skinnerbox the ΔΟΡ of the Dull rats is changed from negative to positive; the ΔΟΡ of the TMB 
rats is unchanged. The open-field test has no influence on the conflict test in the Skinnerbox (see 
experiment 10, chapter V). The Skinnerbox test, however, influences, the results from the 
open-field test. Only the strain with the negative ΔΟΡ (Tryon Maze Dull) is affected. The 
sequence of open-field test followed by Skinnerbox test gives results unbiased by sequence of 
testing. 
Figure 6.7. Locomotor activity 
in the open-field of male and 
female Roman Low and High 
Avoidance rais. Locomotor activity 
on test day 1 and test day 2 and the 
difference between both days (ΔΟΡ) 
arc presentid. 
RLAmale RLA female RHAmale RHA female 
STRAIN - SEX 
Figure 6.6. Locomotor activity 
in the open-field of male Tryon 
Maze Bright and Dull rats. 
Locomotor activity on test day 1 
and test day 2 and the difference 
between both days (ΔΟΡ) are 
presented. 
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Strains ' Roman Low and High Avoidance 
From experiment 12 we know that the Roman High Avoidance (RHA) strain is slower 
concerning the speed of conflict resolution in the conditioned punishment paradigm than the 
Roman Low Avoidance strain. It also appeared that males are slower than females. Therefore, 
the slowest group are the RHA male rats. The expectation for AOF is that the most negative 
AOF is found in the RHA males, due to a strain difference and a sex difference. 
The factor structure of open-field crossings shows the expected structure (appendix 5F). Most 
variation is found on the 'hide' factor. The Roman Low Avoidance has a higher AOF than the 
Roman High Avoidance strain. The RLA strain is faster in conflict resolution than the RHA 
strain. Females tend to have a higher AOF than the males. Females are faster in conflict 
resolution than males (figure 6.7). AOF found is in concordance with the AOF-Hypothesis. 
G R O U P MEAN S C O R E S : AOF 
A number of hypotheses are formulated concerning the relation between open-field behavior 
and the speed of conflict resolution. One of the hypotheses (number 1) was that the distribution 
of locomotor activity over two test days was divided over three factors, called 'escape', 'hide' 
and 'seek'. The factor structures found in the 6 experiments are according to the expectation (see 
appendix 5). 
Furthermore, it is investigated whether a consistent relationship exists between the speed of 
conflict resolution measured according to the conditioned punishment paradigm in the 
Skinnerbox or runway and a number of variables measured in the open-field test. 
TABLE 6.5. Companson of group mean scores of AOF in the open-field lest and the speed of conflict resolution 
























socio > ISO 
BN > Wislar 
WKY > Wistar 
TMB>TMD 




socio > ISO 
BN > Wistar 
WKY > Wistar 
TMB > TMD 
RLA > RHA 
QQ><3<3 
In column 'ΔΟΡ > means 'larger than', in column 'conflict resolution' > means 'faster than 
From the beginning AOF (= change in locomotor activity from day 1 into day 2 in the 
open-field test) was the best candidate for a relation to the speed of conflict resolution. All 
previous results pointed in this direction. Comparison of the group mean scores for AOF in the 
open-field and the speed of conflict resolution measured in the conditioned punishment test 
revealed that when groups differ significantly in the open-field concerning AOF the same 
difference is found concerning the speed of conflict resolution (table 6.5). However, the Awall 
seemed the best variable related to the speed of conflict resolution derived from the factor 
analysis (experiment 13). On basis of group mean scores it is, however, a worse predictor for 
the speed of conflict resolution than AOF. In experiment 4 a main effect of the Rearing 
Condition is found instead of a Sex by Rearing Condition interaction. In experiment 6 the effect 
of the Rearing Condition is only marginally significant, while the effect of the rearing condition 
on AOF is significant. No marginal effect of the factor Sex is found in experiment 12, as would 
151 
APPROACH-AVOIDANCE CONFLICT AND SPEED OF CONFLICT RESOLUTION 
be expected. Concerning the Athigmotaxis only in experiment 12 significant effects are found, 
but these are not predictable for the speed of conflict resolution. Therefore, AOF seems to be the 
best variable for prediction of the speed of conflict resolution for group mean scores. 
META-ANALYSIS: AOF 
There is a lot of criticism concerning the use of group mean scores in relation to the open-field 
(Archer, 1973). It is possible to compare the results of the experiments on an individual base. 
There is a technique called meta-analysis which can compare independent study results for 
reviewing a whole body of research. The technique of meta-analysis is developing fast. To use 
the method for reviewing one's own research is new, but highly recommended for use in such a 
test battery as is the case here (Tachibana, 1984). Pearson product-moment correlations are 
calculated between the variables measured in the open-field and the latency to reach the goal as 
the measure for speed of conflict resolution. For the purpose described here only the combination 
of significance levels is needed over the 6 studies involved. Stouffer's (1949) method can handle 
the probability levels found: the levels are transformed to Z-scores, weighted - if necessary - and 
related to the number of studies involved (Mullen, 1982). Only one-tailed p-values are used 
(p<0.50 when effect in the expected direction, p>0.50 when the effect is in the unexpected 
direction). The fail-safe number for the 0.05 level of significance estimates the number of 
additional studies that failed to reject a null hypothesis of no differences/no effect that would be 
needed to disconform the conclusion derived from the meta-analysis. 
TABLE б 6А Pearson product-moment correlations of open-field variables with the speed of conflict resolution, 
measured as the latency to reach the goal m the Skinnerbox or runway. 
Experiment number 
Variable 
Wall day 1 
Wall day 2 
Aw all 
Crossings day 1 
Crossings day 2 
ΔΟΡ 
Thigmolaxis day 1 
Thigmotaxis day 2 
Athigmotaxis 
Hearings day 1 
Rearmgs day 2 
Boh day 1 
Boh day 2 
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Note that one-tailed p-values are always less than 50 supporting the hypothesis and always greater than 50 when 
correlations are inconsistent with the hypothesis (see text) Data of experiment 4 are controlled for htler effects and 
data of experiment 6 are controlled for the start factor (partial correlations) Only data from animals tested before the 
Slunnerbox conflict test are used from experiment 10 Data from appendix 5a-f 
In table 6.6a and 6.6b the meta-analysis is shown. The calculations are done in relation to the 
hypotheses formulated in the introduction. The weighted method of analysis is weighed with the 
square root of the number of subjects per study. The 6 studies taken together, the relation 
between latency to reach the goal, and the wall and the total crossings on the first day and the 
Awall and AOF are significant. AOF shows a better relation than the Awall with a fail-safe 
number of about 15 studies. The unweighted method of analysis shows roughly the same 
relationships. A significant relation between the rearings of the subject on day 2 in the open-field 
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test and the speed of conflict resolution is also found. A high frequency of rearing is associated 
with a short latency to reach the goal, thus a fast speed of conflict resolution. The fail-safe 
number of rearings is on the contrary lower than for ΔΟΡ, which in this case means that eight 
more studies without significant differences in the expected direction ruin the relationship found. 
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The weighted method of analysis is weighted with the square root of the number of subjects in an experiment. Zma is 
the standard normal deviate for meta-analysis for the combination of studies. p
m a
 is the associated probability. 
Nf5>05 is the fail-safe number for the .05 level of significance (described in the text). 
The wall and the total number of crossings on day 1 (hypothesis 1), the Awall (hypothesis 4), 
ΔΟΡ (hypothesis 7) and the number of rearings on day 2 (hypothesis 12) can be used as 
predictors for the speed of conflict resolution. Slow conflict resolvers have a high - wall and total 
- activity on day 1, a negative Awall and ΔΟΡ and show few rearings on day 2. The firmness of 
the conclusion can be related to the fail-safe number. ΔΟΡ appears to be the best open-field 
measure that relates to the speed of conflict resolution measured in the conditioned punishment 
paradigm. 
The conclusion can be simple: the change of locomotor activity in the open-field during two 
test days is the best parameter measured in the open-field related to the speed of conflict 
resolution measured in the conditioned punishment paradigm in the runway or Skinnerbox 
(hypothesis 7). 
CHAPTER SUMMARY AND DISCUSSION 
This Chapter gives a full description of a new way of interpreting open-field data. The 
open-field is interpreted as an approach-avoidance conflict test rather than an 'emotionality' test. 
In literature the biphasic interpretation in terms of approach and avoidance tendencies is found a 
number of times. However, the proof of a relation between open-field measures and measures of 
an approach-avoidance conflict is never given. 
In a pilot experiment high activity on the first day in an open-field is related to slow conflict 
resolution and high activity on the second day in the open-field to fast conflict resolution. It 
appeared that the difference between the locomotor activities of an animal on both days is 
strongly related to the speed of conflict resolution. In six experiments the predictability of a 
number of other open-field measures are investigated, using social isolation and genetic 
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differences as the experimental variation. Group comparison on the basis of AOF (difference in 
the number of line crossings of test day 1 and test day 2) are highly predictable for the speed of 
conflict resolution in Skinnerbox or runway. However, many objections exist against the use of 
group mean scores for group comparison. Therefore, a meta-analysis is performed to summarize 
the results of the different studies on an individual basis by means of Pearson-product moment 
correlations. The best measure for prediction of the speed of conflict resolution appeared again to 
be AOF. The speed of conflict resolution in the conditioned punishment conflict test in the 
Skinnerbox and runway can be reliably predicted from open-field behavior, which makes the 
open-field test to a valuable pretest. 
It means that the open-field test is not only an emotionality test (historically based on the 
number of defecations as the measure for emotionality, see Walsh and Cummins, 1976), but also 
an approach-avoidance conflict test, in which the speed of conflict resolution - during 
familiarization with the new environment - is measured as a characteristic of the individual, 
determined by its genotype and phenotype. The number of defecations in the experiments do not 
relate significantly to the speed of conflict resolution. This means either that 'emotionality' is not 
related to the speed of conflict resolution or that the number of defecations measured in the open-
field is not comparable over tests. 
The open-field test as an analogue of extraversion in rats (Garcia-Sevilla, 1984, Gomà and 
Tobeña, 1985) shows some parallels with the conflict interpretation of the open-field. Their own 
conclusion is, however, that 'activity measures are too multidetermined and too poorly controlled 
to represent correctly and in a direct form a personality dimension such as Extraversion' (Gomà 
and Tobeña, 1985). Their method can be criticized further, because they aggregate the data of 
four consecutive open-field tests lasting only 2 minutes. In this way they do not include the 
important change in locomotor activity found in the experiments described in this chapter and by 
other authors (Whimbey and Denenberg, 1967b). The AOF-hypothesis seems to be more 
practical and AOF is validated as a conflict parameter and can be used as a tool to investigate 
differences in the speed of conflict resolution in rats. 
In the discussion of experiment 13 speculations were presented about the meaning of the three 
factors determining locomotor activity in the open-field. It was suggested that the factor 'escape' 
is maybe related to the activities to avoid the conflict situation and that the 'hide' and 'seek' 
activities are related to the approach-avoidance conflict as induced by the conditioned punishment 
paradigm. AOF is related to the speed of conflict resolution. Combining the interpretation of the 
three open-field factors and the relation of AOF to the speed of conflict resolution leads to the 
following interpretation. AOF is mainly determined by the 'escape' activities along the wall on 
day 1 and the 'hide' activities along the wall on day 2. The center 'seek' activities are probably 
less important in conflict resolution (this agrees with the statement of Worell (1967), that 
difficulty in resolution of a conflict is only related to the amount avoidance involved). In case the 
activities to 'escape' the conflict are high, compared to the activities to 'hide' the animal is not 
quickly engaged in the conflict (avoids the conflict), shows a negative AOF and is hence a slow 
conflict resolver. An animal that shows low activity to 'escape' the conflict and high 'hide' 
activity is readily involved in the conflict, shows a positive AOF and is a fast conflict resolver. 
Although the reasoning is very speculative it can be an aid in understanding the possible rationale 
of AOF in relation to conflict resolution. 
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CHAPTER VII. CHARACTERISTICS OF AOF 
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PART 1. AOF AND AN ETHOLOGICAL APPROACH OF OPEN-FIELD 
BEHAVIOR 
INTRODUCTION 
Wild rats tested in the open-field ambulate more and spend more time along the arena side than 
laboratory rats (Price and Huck, 1976). In their study the within- and between-trials changes in 
behavior were generally larger for wild rats than for domesticated ones. Testing was done during 
the light phase. Hughes (1975) found that wild rats were less active than Long Evans rats. 
However, ambulation of the wild rats during trial 1 was significantly larger than ambulation 
during subsequent trials. Ambulation along the side of the arena in wild rats decreased more 
rapidly over trials than in their domestic counterparts. Ambulation in the center of the arena did 
not differ during the various test days. In the study of Price and Huck (1976) fifteen out of 20 
wild rats jumped at least once during the course of testing, maybe as an indication of escape 
tendencies. None of the domestic rats jumped. The data suggested that the open-field was more 
aversive for the wild rats than for their domestic counterparts. Maybe avoidance of predators in 
the natural environment determines the behavior of wild rats in the open-field. 
When individuals make decisions about their next behavior, those activities that reduce 
immediate danger for bodily damage take precedence over all others (motivational dominance). 
The importance of anti-predator behavior is sometimes overlooked in laboratory studies of 
animals. Two types of antipredator behavior can be distinguished (Edmunds, 1974): 
1) primary defense mechanisms, which minimize the chance that a predator will detect and/or 
attack the animal. These mechanisms have an important influence on the timing, 
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positioning and vigilance of the behavior. Knowledge of the environment by exploration 
is one of the most important primary defense mechanisms. 
2) secondary defense mechanisms, which operate during a direct confrontation with the 
predator. In this phase decisions must be made to remain motionless, flee, display or 
attack, dependent on habitat and kind of predator. 
An arms race with predators evolutionarily shapes the anti-predator behavior (Dawkins and 
Krebs, 1979). Therefore, the form of the anti-predator behavior is very species-specific (SSDR 
= species-specific defense response, Bolles, 1970). Characteristic of the anti-predator behavior 
of the rat are freezing behavior and escape behavior. Habituation of anti-predator behavior will 
depend on the past experience of the animal and the amount of danger of the predator. 
In an ethological analysis of open-field behavior in rats Suarez and Gallup (1981) state that 
open-field testing entails a predatory encounter, that occurs as a consequence of handling and 
placing the subject into the testing apparatus as well as sudden social separation from 
conspecifics. Their hypothesis is that open-field behavior represents a compromise between 
responses aimed at minimizing detectability as a predator evasion tactic and those responses 
which are motivated by attempts to reinstate social contact with companions. The hypothesis is 
that in an open-field approach-avoidance behavior is controlled by the tendency to approach 
conspecifics (companions) and the tendency to avoid a predator (the experimenter). In case both 
tendencies are incompatible it is an approach-avoidance conflict with two distinct goals, and thus 
different from the conflict with respect to one goal like Miller's model. Maybe it is the resolution 
of this approach-avoidance conflict that is measured during the two days of open-field testing and 
that relates to the resolution of the conflict in the conditioned punishment paradigm. The 
interpretation of the open-field in terms of approach and avoidance related to an ethological 
approach of the open-field will be investigated in this chapter. 
EXPERIMENT 14. STARTING POSITION, ACTIVITY AND AOF 
INTRODUCTION 
'Since pilot work indicated that because of rats' strong thigmotaxic tendencies, prior 
treatments effects may be masked if subjects are placed in the center square of the field, each rat 
was placed by the tail in the far left comer of the open-field' (Suarez and Gallup, 1981). 
When an animal is placed in the center of the open-field the animal tends to run or walk to the 
side or a comer of the open-field. The latency to move is hence short when the animal is placed 
in the center of the open-field. When animals are placed along the side or in the comer of the 
open-field they show a much longer latency to move than animals placed in the center, because 
they are already at the safest place in the open-field. At the beginning of the open-field test Suarez 
and Gallup place their rats not in the center, but in the far left comer of the open-field. They are 
interested in latencies of behavior and they can measure latencies better in this way, because the 
latencies to move are longer. Although Suarez and Gallup are maybe right theoretically, the 
measurement of latencies in the open-field is rather hazardous if the experimenter places the 
animal in the open-field. Initial reaction of the animals (escape or freeze are both possible as 
initial secondary defense behavior) can greatly affect measurement. Activities measured over a 
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longer period are more reliable. Still, in this experiment the effect of placing the animals in the 
open-field is measured in relation to latencies and the standard open-field variables. The animals 
are placed in the center and along the 'safer' side and latencies to reach the comer (the safest 
place) are measured. Females show shorter latencies to move from the peripheral to the central 
area of an open-field than males (Archer, 1974). 
In chapter VI the Δ OF-hypothesis is developed. The absolute difference (Δ OF) between day 
1 and day 2 activity is presented as an open-field conflict parameter related to the speed of 
conflict resolution. Also the relative ΔΟΡ (ΔΟΡ corrected for the spontaneous activity of the 
animal, for instance the day 2 activity or the mean of the day 1 and the day 2 activity) is a 
possible measure of the change in locomotor activity related to conflict resolution. This relative 
ΔΟΡ is quite comparable to the absolute ΔΟΡ in predicting speed of conflict resolution. In most 
cases both measures will show the same differences and trends. 
In experiment 8 it was established that the WKY-strain has a high ΔΟΡ and is therefore a fast 
conflict resolver. However, the WKY strain has an extremely low open-field activity. The SHR-
strain of which the WKY is the control line shows a high activity in the open-field and has the 
same ΔΟΡ as the WKY rats (see Kräuchi et al, 1983). These data give the possibility to make 
two predictions about the relation between the open-field measures and the speed of conflict 
resolution of these two strains. Both strains have: 
1) Equal ΔΟΡ (Hypothesis 1: about crossings day 2 - day 1) 
2) Equal relative ΔΟΡ (Hypothesis 2: about crossings (day 2 - day 1) / (day 1+ day 2) ) 
The relative ΔΟΡ will probably be different in both strains, because of the large locomotor 
activity difference between the WKY and SHR strain in the open-field. This should, however, 
point to a difference in the speed of conflict resolution between both strains which is not found 
(experiment 9). 
The questions asked in this experiment are: 
1) Does the starting position of the rat in the open-field test affect the locomotor activity, 
measured as line crossings? 
2) Is Δ OF as an open-field conflict parameter better expressed as the absolute difference or 
the relative difference in locomotor activity between the two test days? 
3) Are the latencies to move to the comer and the latencies to move to the center of the 
open-field in accordance with the model of Suarez and Gallup? 
M E T H O D S 
The open-field test (see chapter II) described here was the pretest of experiment 9 (see chapter 
V). After being shuttled in the shuttlebox (comparable to the pre-open-field shocking in the 
Suarez and Gallup model which increased latencies to move) animals are placed in the open-field 
in the center (center-group) or along the side (side-group). Their bodily orientation was randomly 
varied. 
R E S U L T S 
Frequencies 
A significant effect of the factor Place is found on the variable thigmotaxis day 1 and hence 
animals placed in the center of the open-field show less thigmotaxis than animals placed near the 
side. A Strain by Place interaction is found concerning the thigmotaxis on day 1 (F=7.16, 
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p=0.017); on the thigmotaxis of day 2 this interaction is marginally significant (F=4.10, 
p=0.060). No more interactions are found and only main effects are presented (table 7.1). The 
behavior of the animals initially placed in the center of the open-field does not differ from the 
behavior of animals placed near the side of the open-field concerning locomotor activities (figure 
7.1). 
200-
Figure 7.1. Locomotor activity 
in the open-field of male and 
female WKY and SHR rats placed 
in the center or along the side of 
the open-field. Locomotor activity 
on test day 1 and test day 2 and the 





W = WKY. 
m = male, 
С = center, 
S = SHR 
f=female 
S = side 
WmCWmS WfC WfS S m С SmS 
STRAIN - SEX - PLACE 
SfC S f S 
TABLE 7.1. ANOVA with three factors strain, sex, and starting position of the animal. Only main effects are 
shown because only one interaction is found (see text). 
STRAIN 
SEX 
Crossings day 1 
Crossings day 2 
ΔΟΡ 
Relative ΔΟΡ 
Thigmotaxis day 1 
Thigmotaxis day 2 
Rearing day 1 
Rearing day 2 
Boli day 1 
Boli day 2 

















































































































































































Means are given in the left panel; the ANOVA-table is given in the right panel (df=1.16). 
Strain differences are found in almost all variables. WKY rats show less locomotor activity on 
day 1 and day 2, more thigmotaxis on day 2, less rearings on day 1 and day 2, and more 
defecations on day 1 and day 2. Females are more active on day 2, and defecate less on both 
open-field test days. There are no differences in locomotor activity and the absolute AOF between 
the strains as a result of the different starting positions of the rats. There is a significant strain 
difference concerning the relative AOF. 
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Latencies 
In line with Suarez and Gallup (1981) a number of latencies measured in the open-field are 
analyzed. First of all the latency to reach a comer of the open-field. Animals placed along the 
sides are in shorter distance of a comer and have a shorter latency to reach the comer on the first 
day in the open-field (table 7.2). Also a sex difference is found: females have longer latencies to 
reach the comer. These differences have disappeared on the second day of the open-field test. On 
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Figure 7.2a Latencies to move 
to the comer in geometric mean 





W = WKY, 
m = male, 
С = center, 
S = SHR 
f=fcmale 
S = side 
Figure 7.2b. Latencies to move 
to the opposite goal in geometric 
mean seconds. Latencies lo reach 
the opposite goal, i.e. for the side-
group the center and for the center 
group the side are given in the 
variable Opposite 1 and 2 for day 1 
and day 2 of the open-field test. 
Strain: W = WKY, S = SHR 
Sex: m = male, f =female 
Place: С = center, S = side 
TABLE 7.2. Latencies to move to the comer or to the opposite place in geometric mean seconds. 
STRAIN 
SEX 
Comer day 1 
Comer day 2 
Opposite day 1 
Opposite day 2 











































































Means are given m the left panel; the ANOVA-lable is given in the right panel (df=l,16). 
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In the center-group the latency to reach the side is always shorter than the latency to reach the 
center in the side-group. The latencies of animals placed along the side to move to the opposite 
place are significantly longer than for animals placed in the center of the open-field (figure 7.2b). 
DISCUSSION 
In the open-field tests presented in chapter VI animals are placed in the center of the open-field 
at the start of the experiment. To investigate the influence of the starting position of the animals 
on the locomotor activity and the AOF, half of the animals is placed along the sides and half of 
them in the center of the open-field. The difference in starting position did not have any effects 
on the open-field activities. So the starting position of the animals does not affect their AOF in the 
open-field test 
The latencies to move are on the contrary influenced. The center of an open-field is mostly 
seen as aversive for the animal. A number of anxiety tests for anti-anxiety agents (see this 
chapter, part 3) have been based on this presumption. On the other hand the side and comer are 
seen as relatively safe. For the center-group the latency to reach the side and for the side-group 
the latency to reach the center as opposite goal are analyzed. The latency to reach the side for the 
center-group is always shorter than the latency to reach the center for the side-group. The latency 
to move from the peripheral to the central area of an open-field are expected to be shorter in male 
rats in comparison to females (Archer, 1974). In this experiment no sex difference concerning 
this latency is found. 
Animals placed in the center of the open-field show less thigmotaxis than animals placed near 
the side of the open-field, but this is not surprising, because animals placed in the center show a 
long latency to move, especially WKY rats (position locking, see Rogers et al., 1988). 
As is stated by Suarez and Gallup (1981) the latencies to move of animals placed in the comer 
are significantly longer than for animals placed in the center of the open-field. In this experiment 
it is found that the latency to reach the comer for center-animals is longer than for side-animals. 
The side-group is started in a safer position than the center-group and according to Suarez and 
Gallup their latency to move has to be longer. The finding of a shorter latency to reach the comer 
for the side-group is in contradiction with the model of Suarez and Gallup (1981). 
The conclusion is that the center of an open-field is more aversive than the side. This finding 
is in agreement with earlier findings. The relative AOFs of both strains differ significantly, 
although their speeds of conflict resolutions are equal as found in experiment 9. The absolute 
AOFs are, however, not significantly influenced. This result favors the use of the absolute AOF 
measure as an indication of the speed of conflict resolution. 
EXPERIMENT 15. ΔΟΡ AND LOWERING THE AVOIDANCE TENDENCY 
INTRODUCTION 
According to Suarez and Gallup (1981) animals show predator avoidance behavior in the 
open-field caused by handling the animals by the experimenter prior to placing the animal in the 
open-field. Handling the animals during their development may decrease the 'predator'-
properties of the experimenter. Early handling has a marked effect on adult rat behavior 
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(Schaefer, 1963). In the open-field even a caretaker-effect is found, rats spend more time on the 
side of their caretaker than on the side of a stranger (McCall et al., 1969). The most pronounced 
effects of early handling are the following (after Weiner et al., 1987): 
(1) Handled animals leam to ignore irrelevant stimuli (in Latent Inhibition). 
(2) Handling differentially affects males and females. 
(3) The non-handling procedure has deleterious consequences on adult behavior. 
The differences between handled and nonhandled rats show parallels with the differences 
found between socio-reared and iso-reared rats. The link between social isolation effects and 
handling is investigated by Gentsch et al. (1988). 'Handling counteracts the effects of social 
isolation found in the open-field and is not effective in socio-reared animals. The isolation-
induced locomotor hyperactivity in the open-field represents an unfocused activity which does 
not facilitate but rather inhibits the animal's proper recognition of the surroundings'. 
Furthermore, animals reared in social isolation have problems in inhibiting responding (Morgan, 
1973) and have also problems in discriminating relevant from irrelevant stimuli. Handling leams 
animals to discriminate relevant from irrelevant stimuli (Weiner et al., 1987). Social isolation and 
non-handling can have comparable effects on behavior. 
Diminished avoidance is expected to influence latencies to move in the open-field. The 
prediction is that handled animals have a lower avoidance gradient and will be slower in reaching 
the side, when they have been placed in the center. Handled animals have to show a longer 
latency to reach the side. It will be investigated whether the different latencies will influence the 
number of crossings measured in the open-field in the first minute or maybe in subsequent 
minutes. Therefore, an intrasession analysis of crossings is made. Temporal analyses within 
sessions have been made less frequently than those across sessions and have largely been limited 
to ambulation. The general pattern seems to be a diminishing frequency of ambulation within 
sessions. This decreased rate may either remain approximately steady (linear trend) or diminish 
exponentially from an initially relatively high value and even may increase again (quadratic 
trend). The latter trend has been reported by Broadhurst and Eysenck (1964) in the Maudsley 
reactive and non-reactive strains and the linear trend is reported by Woods, Ruckelshaus and 
Bowling (1960) in Sprague-Dawley rats. 
Handled rats increase their ambulation when tested repeatedly in a fashion concordant with the 
observed drop in the defecation and non-handled rats show an initial decline followed by an 
increase (Williams and Russell, 1972). This decline is interpreted in terms of fear-motivated 
escape behavior on trial one, since non-handled rats confine their activity largely to the periphery 
of the field on this trial and their exploration of an object placed in the center of the field increases 
over trials in accordance with theoretical expectations. In another study handled animals were 
more active and their activity increased over 3 days (Meinrath and Flaherty, 1987). The non-
handled rats showed no activity trend. Their conclusion was: early handling can have powerful 
effects on adult rat behavior. However, the psychological dimension influenced by the early 
handling treatment remains to be delimited. The general conclusion of Daly (1973) in a critical 
review about the effects of early stimulation of rodents was that early handling facilitates 
approach behavior, at least in rats and not that early handling diminishes avoidance behavior. 
However, the enhanced approach or the diminished avoidance caused by handling the animals 
may increase 'speed of conflict resolution' in the open-field. The expectation therefore is a higher 
Δ OF for handled animals compared with naive animals, less thigmotaxis, more rearings and less 
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boli. Based on the model of Suarez and Gallup (1981) the higher AOF is caused by lower 
'escape' activity on day 1 in the open-field test, based on the hypothesis of Daly (1973), the 
higher AOF is caused by higher 'hide' and 'seek' activity on day 2 in the open-field test. 
In experiment 6 (described in chapter VI) many ultrasonic vocalizations of the rats are 
registered and the hypothesis that handling during the ontogeny has caused this phenomenon can 
be investigated. The additional hypothesis is therefore that handled animals make more 




Subjects were allocated from 6 nests of random bred Wistars mother, obtained from the 
Central Institute for the breeding of Laboratory Animals (TNO), Zeist, the Netherlands. A total 
of 39 animals is used. They were housed three or four in a cage in isosexual groups. 
Approximately half of the animals was handled for one minute 5 days a week. 
Apparatus 
The apparatus was the open-field as described in chapter II. 
Procedure 
Subjects were tested in the open-field for 5 minutes on two consecutive two days at an age of 
two and a half months. 
Analysis 
Data concerning ultrasonic vocalizations are analyzed in four frequency ranges after 10log 
transformation. The total number of vocalizations per individual during 5 minutes of testing are 
analyzed in an ANOVA. 
R E S U L T S 
Frequencies 
On the first test day no differences in locomotor activity between the groups are found. 
Figure 7.3. Locomotor activity 
in the open-field of naive and 
handled male and female Wistar 
rats. Locomotor activity on test 
day 1 and test day 2 and the 
difference between both days (ΔΟΡ) 
are presented. 
MALEnaive MALEhandled FEMALEnaive FEMALEharafled 
SEX - REARING CONDITION 
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On the second test day significant Sex and Handling main effects are found, resulting in a 
higher ΔΟΡ of the handled animals (table 7.3 and figure 7.3). This effect parallels the Handling 
effect on thigmotaxis day 2; non-handled animals are more thigmotaxic than handled animals. 
On both days a Sex main effect is found concerning the number of rearings. Only on the 
second testing day this parallels the locomotor activity, because on the second day the number of 
rearings of the handled animals is significantly higher than the number of rearings of the non-
handled ones. Handled animals defecate less than non-handled animals. On the ΔΟΡ measure 
also an interaction between sex and handling is found; especially the naive males have a negative 
ΔΟΡ. 
TABLE 7.3. Effect of handling the animals during ontogeny on a number of variables measured in the 
SEX 
HANDLED 
Crossings day 1 
Crossings day 2 
ΔΟΡ 
Thigmolaxis day 1 
Thigmotaxis day 2 
Rearings day 1 
Rearings day 2 
Boli day 1 
Boli day 2 
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.376 .17 .681 
.001 34.07« .000 
.005 31.30« .000 
.763 2.50 .123 
.027 18.00« .000 
.028 .72 .401 
.025 27.95« .000 
.065+ .63 .434 
.353 9.61« .004 
open-field. 













Handled animals have a longer latency to move to the side than non-handled animals (figure 
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Figure 7.4. Latencies to reach 
the side for naive and handled male 
and female Wistar rats in the 
open-field on two consecutive test 
days. 
MALEnaive MALEhandled FEMALEnaive FEMALEhandled 
SEX - REARING CONDITION 
The question is now whether the number of crossings is influenced by these differences in 
latency. This is investigated by a temporal intratrial analysis of the open-field crossings for both 
test days. A trend analysis is made over the 5 minutes of the test. The trendanalyses are presented 
for two days respectively in table 7.4a and b and figure 7.5a and b. 
The longer latencies of the handled animals to move to the side do affect the activity in the first 
minute of open-field testing on day 1 and day 2. Although no grand mean and linear trend 
differences between handled and non-handled animals are found on day 1, large differences are 
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found between the handled and non-handled groups on the quadratic trend (F=14.91), explaining 
48% of the variation. The handled animals have a lower locomotor activity in the first minute and 
show an increase in locomotor activity in the second minute. The interaction between handling 
and the sex of the animal (F=5.47) is caused by a different course of time in the locomotor 
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Figure 7.5a. Number of line 
crossings per minute on the first 
lest day in the open-field, measured 
in the course of S minutes. 
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Figure 7.5b. Number of line 
crossings per minute on the second 
test day in the open-field, measured 
in the course of the 5 minutes of 
the test. 
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On the second open-field test day large differences in locomotor activity are found between the 
handled and non-handled groups (F=28.33). However, no differences in the course of time of 
the locomotor activity are found between the groups. A strong decrease (linear trend, explaining 
77% of the variation) in locomotor activity is found in all groups. 
Ultrasonic vocalizations 
Handled animals produce more ultrasonic vocalizations than non-handled animals in the open-
field (first day in the frequency range of 43-57 kHz: Fi,35=9.92, p=.02; on the second day 17-
30 kHz: Fi,35=12.40, p=.01; 30-43 kHz: F\¿5=nA3, p=.0; 43-57 kHz: Fi,35=32.82, p=.0). 
DISCUSSION 
One of the major outcomes of this experiment is that handling facilitates ambulation on day 2 
and has no effect on the total ambulation on day 1. The higher locomotor activity of the animals 
on the second day is in concordance with hypothesis 6 and the conclusion of Daly (1973) that 
early handled animals show more approach behavior than naive animals. However, it contrasts 
with the starting-point that handling lowers avoidance tendencies in the animal, because in that 
case a lower locomotor activity on day 1 was expected. 
The handling effect is especially obvious for male rats. In general, handling the animals 
during early ontogeny increases the ΔΟΡ of the subjects. So there is a parallel between socially 
rearing the animal and handling the animal. A sex difference concerning the ΔΟΡ was found and 
an interaction, early handling had a more profound effect on the males than on females. 
Handled animals show longer latencies to move to the side on the first as well as on the 
second day in the open-field test. The timecourse of the number of crossings during the open-
field test on the first day is affected by handling the animals during ontogeny. However, this 
effect has no depressing influence on the total locomotor activity of the handled rats. On the 
second day the longer latencies to move of the handled animals have no effect on the timecourse, 
but on the contrary on the total number of crossings, which are much higher than can be seen in 
naive rats. 
The increase in the ΔΟΡ and the longer latency to move of animals handled during ontogeny 
is in agreement with the model of Suarez and Gallup (1981). However, the expected decrease in 
the number of line crossings - as a consequence of lowered escape tendencies - on the first test 
day is not found. On the contrary an increase of locomotor activity on the second day is found as 
an indication of increased explorative tendencies (the 'hide' and 'seek' factors; see chapter VI). 
The experimenter as a predator and the rat evading the predator seems as assumption concerning 
open-field behavior of rats rather questionable, because handling seems to increase explorative 
tendencies on the second day rather than diminish escape tendencies on the first day. The relation 
between the model of Suarez and Gallup and the ΔΟΡ is therefore not simple and will be 
investigated further in the next experiment. 
EXPERIMENT 16. ΔΟΡ AND LOWERING THE APPROACH TENDENCY 
INTRODUCTION 
Suarez and Gallup (1981) hypothesize that the second driving force determining open-field 
behavior is the tendency to reinstate social contact with companions. When animals are tested 
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together in an open-field the tendency to reinstate social contact may be considered lower than 
when animals are tested alone and animals have therefore a longer latency to move in the open-
field. The expectation is that a lower activity is found in socially tested animals on day 1 and day 
2 activity and especially on day 2 when more explorative tendencies are expected in the animal. 
The model of Suarez and Gallup predicts an equal or lower AOF in rats tested in pairs. 
On the other hand the conflict in the open-field (between predator-avoidance and companion-
approach or the non-specific approach-avoidance conflict) is maybe less intense when a partner is 
present, resulting in faster 'conflict resolution' in the open-field. Based on the AOF-hypothesis 




Subjects were Wistar females, progeny of socio-reared and iso-reared mothers (see 
experiment 17), obtained from the Central Institute for the breeding of Laboratory Animals 
(TNO), Zeist, the Netherlands. These mothers were allocated from two nests consisting of 6 
females of which half was reared in social isolation. From day 1 on the litters existed of four 
male and three female pups. The three sisters were housed together from weaning (day 24) until 
they were three months of age. They were tested on two consecutive days in the open-field. 
Apparatus 
Open-field configuration and procedures are as described in chapter Π. 
Procedure 
The three sisters were individually marked with feltpen. One female was tested alone in the 
open-field (iso-tested). The other two were placed together in the open-field (socio-tested). One 
of the two was selected and became the target animal during both testing days. 
RESULTS 
An effect of the rearing condition of the mother is found on the number on crossings on day 1 
(table 7.5). This result parallels effects on thigmotaxis day 1, i.e. daughters of iso-reared 
mothers show a higher thigmotaxis than daughters of socio-reared mothers. 
200-
Figure 7.6. Locomotor activity 
in the open-field of female Wistars, 
either iso-tested or socio-tested. 
Half of the females had socio-reared 
mothers, the other half had iso-
reared mothers. Locomotor activity 
on test day 1 and lest day 2 and the 
difference between both days (AOF) 
are presented. 
socio ISO socio SOCIO iso ISO iso SOCIO 
MOTHER rearing condition - TEST condition 
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A strong effect of the test-condition is found on the day 2 crossings, resulting in a high ΔΟΡ 
for socio-tested females (figure 7.6), which also have a lower thigmotaxis on day 2. The handled 
animals show more rearing behavior in the second open-field test. Differences in the number of 
reanngs on day 2 between the groups parallel the total number of crossings on the second day. 
None of the iso-tested females produced ultrasound, while in all socio-tested pairs high 
frequency ultrasound was recorded. 
TABLE 7.5. Open-field crossings of socially and non-socially tested females. 
MOTHER 
TEST 
Crossings day 1 
Crossings day 2 
ΔΟΡ 
Thigmotaxis day 1 
Thigmotaxis day 2 
Reanngs day 1 
RearinRS day 2 
N of subjects 
SOCIO SOCIO ISO ISO 
ISO SOCIO ISO SOCIO 
172 0 154 8 114 6 144 0 
135 6 169 0 100 8 177 8 
-36 4 +14 2 -13 8 +33 8 
.80 81 88 .87 
91 78 86 83 
33 8 34 0 37.8 30 4 
15 0 27 6 18 2 29 4 
5 5 5 5 
MOTHER TEST Μ χ Τ 
F ρ F ρ F ρ 
4.91· 042 16 697 2 29 150 
48 497 8.71# 009 1 36 261 
1 66 216 8.97# 009 01 928 
8.01· .012 09 773 14 710 
00 981 6.78· 019 1 95 .181 
00 968 54 471 61 447 
23 640 5.15* 037 02 896 
No defecations are registered df=l,16 
D I S C U S S I O N 
One group of females is tested alone in the open-field. According to the model of Suarez and 
Gallup (1981) the behavior of these animals must be highly determined by high social seeking 
tendencies, while the social seeking tendencies are much lower in the animals that are socio-
tested in the open-field (affiliation). There are, however, no differences in the number of 
crossings on day 1 between iso- and socio-tested females, but on the contrary a much higher 
activity on the second day in the open-field is found in females, that are socio-tested in the open-
field. This finding contrasts the model of Suarez and Gallup because locomotor activity on the 
second day in the open-field mostly represents explorative activity (Whimbey and Denenberg, 
1967b), which is higher in the socio-tested animals. Thus, this finding points to increased 
instead of diminished approach (-social seeking) tendencies in the group of females tested in 
pairs. 
The finding is, however, in agreement with the AOF-hypothesis, because the ΔΟΡ is 
increased by socio-testing. The other effects found - less thigmotaxis and more reanngs in socio-
tested females - are in agreement with more approach tendencies in the animals. 'Conflict 
resolution' in the open-field in pairs points to fast conflict resolution, a high ΔΟΡ, high number 
of crossings on day 2, low thigmotaxis on day 2 and many reanngs on day 2. These results are 
again not in agreement with model of Suarez and Gallup (1981), because social seeking 
tendencies do not seem to be diminished by socio-testing. 
PART l. SUMMARY AND DISCUSSION 
One of the possible interpretations of open-field behavior in an ethological sense is to interpret 
approach tendencies in the open-field as seeking for cagemates and avoidance tendencies as 
experimenter avoidance (Suarez and Gallup, 1981). Based on this model a number of predictions 
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concerning open-field behavior are investigated with special emphasis on a comparison with the 
AOF-hypo thesis. 
In experiment 14 it was found that the initial placing the animals near the side or in the center 
of the open-field test does not affect AOF. But on the contrary the latencies to move are 
influenced. The side-group is started in a safer position than the center-group and according to 
Suarez and Gallup their latency to move has to be longer. The finding of a shorter latency to 
reach the comer for the side-group is in contradiction with the model of Suarez and Gallup. 
In experiment 15 the avoidance tendencies in the animal are diminished by handling the animal 
during ontogeny. Lowering the avoidance tendencies should lower at least the day 1 activity in 
the open-field. However, an increase of locomotor activity on the second day is found - instead 
of a lower day 1 activity - as an indication of increased explorative tendencies by handling the 
animals. The experimenter as a predator and the rat evading the predator seems as assumption 
concerning open-field behavior of rats rather questionable, because handling seems to increase 
explorative tendencies on the second day rather than diminish avoidance (or escape) tendencies 
on the first day. This finding is in agreement with the hypothesis of Daly (1973) that early 
handling facilitates approach behavior. The presumed importance of the experimenter as a 
predator in open-field testing seems to be somewhat overstated as is already said by Jones (1987) 
concerning open-field behavior in chickens. According to the AOF-hypothesis lowering the 
avoidance tendencies should increase the AOF. This is indeed found. 
In experiment 16 the approach tendencies in the animal are diminished by testing the animals 
in pairs in the open-field. Lowering the approach tendencies should lower the day 1 and 
especially the day 2 activity in the open-field. However, an increase of locomotor activity on the 
second day is found as an indication of increased explorative tendencies ('hide' and 'seek' 
activities) by testing the animals in pairs. The interpretation that the rat seeks for cagemates in the 
open-field seems rather questionable, because testing in pairs seems to increase explorative 
tendencies on the second day rather than decrease the approach (social seeking) tendencies. 
According to the AOF-hypothesis lowering the approach tendencies should decrease the AOF. 
An increase in the AOF is found. Therefore, socially testing the animals in the open-field as a 
means of reducing the social seeking tendencies produces results that are contradictory to the 
model of Suarez and Gallup. This result shows the same problems that are found in the 
interpretation of open-field behavior in chickens (Jones and Merry, 1988). Based on conflicting 
effects of manipulating the social environment during testing they tested chicks individually and 
in pairs. Social motivation can influence strongly open-field behavior, but their data are also 
consistent with a fear hypothesis. Socially testing the animals in the open-field as a means to 
reduce the social seeking tendencies produces results that are also contradictory to the AOF-
hypothesis. Socially testing the animals as a means to reduce fear (Taylor, 1981) should increase 
the AOF and this is indeed found. 
The model of Suarez and Gallup (1981) is not in concordance with the interpretation of the 
open-field test presented in this thesis as the AOF-hypothesis. Although an ethological 
interpretation of open-field behavior is attractive, the model of Suarez and Gallup gives no 
explanations of the basic motivations underlying open-field behavior. The AOF-hypothesis 
seems to be more practical and AOF is validated as a conflict parameter in chapter VI. 
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PART 2. ULTRASOUND, Δ Ο Ρ AND SPEED OF CONFLICT RESOLUTION 
In chapter V it was concluded that the speed of conflict resolution is an important variable that 
probably relates to the survival of individuals, because making the right decision after the right 
time can mean 'life or death' for the animal. Furthermore, it was found that group differences in 
the speed of conflict resolution could not be related to approach and avoidance differences 
between the groups. Speed of conflict resolution was measured in a conditioned punishment 
paradigm in Skinnerbox or runway. These tests are rather time-consuming and therefore tests 
were sought to predict the speed of conflict resolution from a pretest or from behavior in an early 
stage of a conflict. The AOF is such a conflict parameter as presented in chapter VI. In the open-
field pretests and during experiments ultrasonic vocalizations were found to be related to the 
speed of conflict resolution. The production of many low ultrasonic vocalizations (22 kHz) is 
related to slow conflict resolution. However, the occurrence of 22 kHz in conflict situations is 
mainly limited to males (appendix 3 and experiment 4), in situations from which they can not flee 
(Skinnerbox) and in rather intense conflicts. Furthermore, it appeared that at least the factor of 
early handling is involved in ultrasound production (chapter VII, experiment 16). Therefore, 
conclusions on the basis of ultrasonic vocalizations relating to speed of conflict resolution can not 
be general and always seem to relate to a specific, selected group of animals, the group that 
potentially vocalizes. The pretest in the open-field was more promising as a test related to conflict 
resolution (chapter VI). It is short and significantly related to the speed of conflict resolution 
measured in the Skinnerbox or runway. The conflict parameter determined from open-field 
variables is AOF, which is the difference in locomotor activity between the second and first day 
in the open-field test. It is related to ultrasonic vocalizations, too. Subjects that are handled 
during ontogeny consistently show increased (positive) AOFs and consistently produce 
ultrasound in the open-field contrary to non-handled subjects. 
This AOF parameter can be a tool in screening large groups of animals for instance for 
determining the genetic background of conflict behavior and the speed of conflict resolution or 
for instance for screening anxiolytic agents. In this chapter a number of applications of the AOF 
are investigated in relation to genetica! and pharmacological manipulations. 
The occurrence of ultrasonic 22 kHz sounds after being shocked can be inhibited by opioid 
peptides and diazepam as anxiolytics (Tonoue et al., 1986). In the experiment of Tonoue one out 
of three animals (three were housed in one cage) being shocked produced 22 kHz sounds during 
several minutes. This points to the fact that ultrasound as a reaction to shock is an indication of 
anxiety. 
Furthermore, nowadays ultrasonic calling is much used in testing psychotropic drugs. 
Especially benzodiazepines as diazepam consistently diminish the amount of ultrasonic calling in 
adult male rats after shock (Tonoue et al., 1986) and after cold stress in mouse pups (Benton and 
Nastiti, 1988) and rat pups (Gardner, 1985, Insel et al., 1986). In these investigations the 
production of ultrasound is seen as overt uttering of anxiety. The amount of anxiety is maybe 
related to the speed of conflict resolution. Thus, relations between AOF, ultrasound production 
and the speed of conflict resolution measured in the Skinnerbox will be investigated in 
experiment 17. 
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EXPERIMENT 17. ULTRASOUND AND ΔΟΡ AS PREDICTORS FOR THE 
SPEED OF CONFLICT RESOLUTION 
INTRODUCTION 
This experiment was designed to investigate whether the speed of conflict resolution in the 
conditioned punishment paradigm could be predicted from the ΔΟΡ and from ultrasound 
recorded in the open-field and in the Skinnerbox. 
In a pilot experiment (appendix 1) and in experiment 4 evidence was found that 22 kHz 
ultrasound produced by rat subjects in conflict was related to the speed of conflict resolution. 
Different shock intensities resulted in different amounts of low ultrasonic singing in the 
Skinnerbox as a reaction to the aversive CS (pilot experiment). In case subjects have experienced 
the same amount of shock the amount of ultrasonic vocalization may be indicative of the 
aversiveness of the CS for the particular subjects and in the long run may be related to the speed 
of conflict resolution in the conditioned punishment paradigm, as found in experiment 4. In this 
experiment the relation between ultrasound and conflict resolution will be studied in more detail. 
For this experiment it was important to create strong individual variation in ΔΟΡ and the 
speed of conflict resolution. The method to induce the individual differences was the method of 
'experimental programming of life-histories for producing individual differences' introduced by 
Whimbey and Denenberg (1967a). It is known that manipulation of the mother has significant 
effects on the 'emotionality' of male offspring (Whimbey and Denenberg, 1967a). Therefore 
mothers and their male offspring are socio-reared or iso-reared during their juvenile and 
socialization period. Males were chosen because they show the strongest effect of rearing in 
social isolation on their adult behavior and produce 22 kHz ultrasound as a reaction to shock. 
The main question investigated in this experiment was: 
Are ultrasounds, recorded in the open-field and in the Skinnerbox, related to ΔΟΡ and to 
speed of conflict resolution? 
M E T H O D S 
Subjects 
Subjects were brothers of the females of experiment 16. They were progeny of socio-reared 
and iso-reared mothers. These mothers were allocated from two nests consisting of 6 females of 
which half was reared in social isolation. From day 1 on the litters consisted of four male and 
three female pups. The males were divided in two brothers housed together and two brothers 
housed on their own from weaning at day 24 until they were three months of age. One socio-
reared and one iso-reared brother per nest were allocated to this experiment 
Apparatus 
Apparatus were the open-field and the Skinnerbox configuration and the ultrasonic equipment 
as described in chapter Π. 
Procedure 
After weaning on day 24 half of the males were housed two at a cage (socio-reared condition), 
the other half were housed alone (iso-reared condition). Males weighed between 261-296 gms at 
the beginning of the experiment. After three months they were food deprived till 85% of their 
predeprivation free-feeding bodyweight. Then they were tested for two days in the open-field, 
and the Skinnerbox training procedure started the day after the open-field test. The procedure in 
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the Skinnerbox-conflict test was as described in chapter Π. However, the subjects were trained in 
groups of 8 animals, but tested one by one, because behavioral registrations and specifically 
ultrasonic recordings were made in the Skinnerbox. This is deviant from other Skinnerbox 
experiments. For registration of ultrasonic sounds one microphone (Bruel and Kjaer) was placed 
below the rat, underneath the grid floor. In the training phase rats were trained in two groups of 
8 animals and one group of 4 animals. There were three classical conditioning sessions in which 
every subject was individually treated in the same Skinnerbox (box 6). In the first session of 600 
seconds 25 light-food pairings were presented to the subjects in which a continuous light of 5 
seconds duration was followed by the presentation of one foodpellet (Light-Foodl). The next 
day a session was given with 8 presentations of a tone of 5 seconds duration followed by a 
shock of 1.0 mA and of 0.5 seconds duration (Tone-Shock). The third session was a light-food 
session just like the first one (Light-food!). Animals were recovered in groups and individually 
tested during at least 14 days. Low and high ultrasonic pulses in the Skinnerbox were manually 
registered by listening to the sounds of the 16-divider through the headphones (chapter II). The 
ultrasonic sounds were also automatically registered with the USDSA-equipment described in 
chapter II. During the conditioned punishment test light and tone were contingent on 
leverholding. 
Analysis of ultrasound 
For analysis of the ultrasonic vocalizations in relation to approach-avoidance conflict new 
groups are formed, based on the amount of ultrasonic 22 kHz vocalizations in the first 
conditioned punishment test session as a consequence of the findings in the first conditioned 
punishment session in the pilot experiment (appendix 1). The groups UV22 (subjects producing 
22 kHz sounds for a total duration of more than 1.0 second) and noUV (less than 1.0 second) 
were formed. Trend analysis are made over the conditioned punishment test sessions for the low 
and high ultrasonic vocalizations, manually and automatically scored. Data are analyzed in two 
separate ways. The first analysis was made with the factors 'rearing condition of the subject' and 
the 'rearing condition of his mother'. In the second analysis the groups UV22 and noUV are 
compared. 
R E S U L T S 
Open-field test 
The only significant difference found in the open-field test concerns the variable thigmotaxis 
on day 1 : socio-reared males show less thigmotaxis compared to iso-reared males (table and 
figure 7.7). 
и 200-
Figurc 7.7. Locomotor activity 
іл ihe open-field of socio-reared and 
iso-reared male Wislar rats, sons of 
socio-reared and iso-reared molhers. 
Locomotor activity on test day 1 
and lest day 2 and the difference 




MOTHER - SON rearing condition 
The interaction between rearing condition of the mother and the son reaches significance on 
AOF variable. Sons with mothers from the same rearing condition have the highest AOFs. The 
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prediction on basis of ΔΟΡ should be that there are no significant differences in speed of 
conflict resolution in the Skinnerbox, contrary to other findings concerning the effects of social 
isolation (see experiment 4 and 6). 
TABLE 7.6. Open-field behavior of socio-reared and iso-rcared males, sons of socio-rcared and iso-rcarcd mothers. 
MOTHER 
SON 
Crossings day 1 
Crossings day 2 
ΔΟΡ 
Thigmotaxis day 1 
Thigmotaxis day 2 
Rearings day 1 
Rearings day 2 



















































































No defecation was recorded. df=l,16 
Conflict test 
In this experiment no differences in the speed of conflict resolution are found concerning the 
different rearing conditions of the subjects and the rearing conditions of their mothers (table 7.7 
and figure 7.8). There is a tendency to interaction on the shock latency. This tendency has 









Figure 7.8. Geometric mean 
goal latency in approach, first 
recovery and baseline recovery 
training and in the conflict test in 
the Skinnerbox of socio-reared and 
iso-reared males, sons of socio-
reared and iso-reared mothers. 
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No differences in the speed of conflict resolution are found between the four groups. 
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Ultrasonic vocalizations 
No differences are found concerning the amount and frequency of ultrasonic vocalizations 
between the differently reared groups. The subjects are divided in two new groups the UV22 and 
the noUV group. Subjects producing 22 kHz sounds for more than 1.0 second (range 2 5 - 3 1 1 
seconds) formed the UV22-group (n=l l) and subjects producing less than 1.0 second formed 
the noUV-group (n=9) in the first conflict test. 
Ultrasound recordng 
The manually scored low and high frequency ultrasonic vocalizations correlated very well 
with the automatically recorded ultrasonic sounds (table 7.8). Apparently low frequency counts 
are mainly found in the 16-23 kHz range, while the the high counts are distributed over a wider 
range (30-62 kHz), resulting in a lower correlation per range, because the in frequency lowered 
sounds - correlated with the ultrasounds - were not well distinguishable by ear. 
TABLE 7.8. Pearson product moment correlations between manually and automatically recorded ultrasonic counts. 
Frequency in kHz (lower limit) 
MANUALLY 17 23 
AUTOMATICALLY 



















Ultrasonic sounds and speed of conflict resolution 
In the first conditioned punishment session 11 out of the 20 subjects produced a considerable 
amount of ultrasonic vocalizations as a reaction to the tone presented by their first leverholding 
response. A strongly significant correlation is found between the speed of conflict resolution and 
the amount of low ultrasonic pulses produced in the first test session (Spearman rank correlation 
= 0.75, p=0.001, n=20). Also, within the group of vocalizers this relation is found (Spearman 
rank correlation = 0.70, p=0.008, n = l l ) . 
12000-
Figure 7.9. Correlation 
between the amount of Low 
ultrasound in the first conflict 
session in the Skinnerbox in 
relation to their speed of conflict 
resolution. Data of the twenty 
experimental subjects. Pearson 
product moment correlation is 
given. 
Τ­
Ι 00 200 
22 kHz DURATION 
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During the first conditioned punishment session the occurrence of many low ultrasonic 
vocalizations are indicative of slow conflict resolvers (figure 7.9). How did vocalizers and non-
vocalizers behave in the preceding sessions, especially in the classical conditioning sessions? 
And how do the two groups behave in subsequent sessions, the 13 remaining conditioned 
punishment tests? 
Ultrasonic behavior in training sessions 
The subjects in this experiment received three classical conditioning training sessions of 600 
seconds: during these sessions behavior and ultrasonic vocalizations were recorded in the same 
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way as in conditioned punishment test sessions. Data are analyzed with the factors rearing 
condition of the subject and of its mother, but no significant differences between the groups are 
found. In another analysis the groups UV22 and noUV are compared. 
Figure 7.10a. Geometric mean 
ultrasonic counts on the USDSA 
during classical light-food 
conditioning in the Skinnerbox. 
Vocalizers produce significantly 
more high ultrasound in this 
session. 
17-30 30-43 43-57 57-70 
FREQUENCY RANGE 
light-foodl session (figure 7.10a). The UV22-group produces more ultrasonic 
vocalizations in the 30-43 kHz range (F=5.07, p=0.037) and tend to do so in the 43-57 










UV22 Figure 7.10b Geometric mean 
ultrasonic counts on the USDSA 
during classical tone-shock 
conditioning in the Skinnerbox. 
Vocalizers produce significantly 
more low ultrasound in this 
session. Almost no high 
ultrasound is registered. 
17-30 30-43 43-57 57-70 
FREQUENCY RANGE 
2. Tone-shock session (figure 7.10b). The UV22 group produces more ultrasound in the 16-
30 kHz range (F=7.34> p=0.014) and in the 57-70 kHz range (F=6.96, p=0.017). The 
number of low ultrasonic vocalizations in the shock session is significantly related to the 







Figure 7.10c Geometric mean 
ultrasonic counts on the USDSA 
during the second session of 
classical light-food conditioning in 
the Skinnerbox. Vocalizers produce 
significantly more low ultrasound 
in this session. 
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3. light-food2 session (figure 7.10c). The UV22 group produces more ultrasonic 
vocalizations in the 16-30 kHz range (F=l 1.25, p=0.004). No significant differences in 
the high frequency ranges are found. 
Ultrasonic behavior in test sessions 
Trendanalyses are made over the number of high and low ultrasonic counts per session of the 
14 conflict tests. 
Low ultrasound 
The grand means of the UV22 and the noUV groups are significantly different (F=18.82, 
p=0.000; see figure 7.11a). A significant linear trend is present (F=50.43, p=0.000, 87.5% of 
the variation). Both groups also differ significantly concerning this trend (linear: F=28.8, 
p=0.000). 
120-
Figure 7.11a. Geometric mean 
low ultrasonic counts on the 
USDSA during the fourteen 
conflict sessions in the 
Skinnerbox. Vocalizers are selected 
on the basis of their ultrasound 
production in the first conflict 
session. In subsequent sessions 
they also produce significantly 




Again the grand mean of both groups differed significantly (F=5.61, p=0.029; see figure 
7.11b). The following trends were present in the data: linear (F=66.61, p=0.000, 68% of the 
variation) and quadratic (F=15.19, p=0.001, 18.5% of the variation). Group differences are 
found in the linear trend (F=6.86, p=0.017). 
40-
Figure 7.11b. Geometric mean 
high ultrasonic counts on the 
USDSA during the fourteen 
conflict sessions in the 
Skinnerbox. Vocalizers are selected 
on the basis of their low 
ultrasound production in the first 
conflict session. In subsequent 
sessions they produce significantly 
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Relation between high and low ultrasound 
There is a strongly negative correlation between the low ultrasonic counts and the high 
ultrasonic counts during the sessions of conflict resolution (figure 7.11c, r=0.95, df=12, 
p<0.01). 
100-
Figure 7.11c. Correlation 
between the amount of Low and 
High ultrasound produced in the 
fourteen conflict sessions in ihe 
Skinnerbox by vocahzers only. 
1000 10 100 
22 kHz COUNTS 
Relation between ultrasound, AOF and speed of conflict resolution 
Ultrasound, AOF and the speed of conflict resolution (as latency to reach the goal) in both 
test environments are correlated with each other. This is done with the Pearson and Spearman 
correlation coefficient (table 7.9). In the open-field only high and short ultrasonic vocalizations 
were produced. In the Skinnerbox some animals solved the conflict relatively fast in four 
sessions, others needed up to 14 sessions before they reached the first leverhold of 5 seconds. 
The ultrasound production in the 22 kHz (low) frequency range stabilized on a low level at 
session four, and there was also an increase in 50 kHz (high) ultrasound production from 
session four until session fourteen. This was the reason to split the Skinnerbox sessions in two 
periods: the first four sessions (phase 1) and the last 10 sessions (phase 2), of which the mean 
low and high ultrasound production was calculated. 
TABLE 7.9. Correlations between AOF, the speed of conflict resolution and ultrasonic vocalizations in open-field 
and Skinnerbox. Above the diagonal Pearson product moment and below the diagonal Spearman rank corrélations 
(n=20). Significant Spearman rank correlations are printed bold. 
CORRELVnON 
¿OF 
Day 1 high 
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12 14 -08 
- 21 - 03 08 
08 - 17 - 16 
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73# 12 33+ 
21 50* 
- .46· 78# 
- 03 .72# 
AOF correlates significantly positive with the high ultrasound on the first day in the open-
field, and is marginally significantly correlating with the ultrasound on the second day (table 
7.9). A marginally significantly negative correlation is found with the latency to reach the goal as 
expected from the AOF-hypothesis. The high ultrasound in the first open-field test correlates 
negatively with the latency to reach the goal in the Skinnerbox and negatively with the amount of 
low ultrasound produced. This conforms the hypothesis of high ultrasound and fast conflict 
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resolution, and hence few low ultrasound in the Skinnerbox in the second phase. The high 
ultrasound produced on the second day in the open-field correlates positively with the amount of 
low ultrasound in the first phase of the Skinnerbox test. The latency to reach the goal is 
positively correlated with the low ultrasounds in phase 1 and 2, which are strongly interrelated, 
just as the high ultrasounds of both phases. The low ultrasound in phase 1 is negatively 
correlated with the high ultrasound in phase 2, and the high ultrasound in phase 1 is negatively 
correlated with the low ultrasound in phase 2. 
To unravel the relationships between the variables more, a factor analysis was made (see 
chapter VI part 2) with the Spearman rank correlation matrix as input (table 7.10). This is done 
because the Pearson correlations above the diagonal in table 7.9 may be biased by outliers and 
must be looked upon with care. However, most results are in concordance with the Spearman 
Rank correlations, except for the negative correlation between the latency to reach the goal and 
the amount of high ultrasound in the open-field on day 1 and the positive correlation with the 
amount of high ultrasound on day 2. 
Tabic 7.10. Factor analysis showing the relations between open-
field and Skinnerbox parameters. The factor analysis shows the 
most important relationships found in this expenmenL 
Variable 
ΔΟΡ 
High day 1 





High phase 2 
Expl variation 
Eigenvalue 
Factorl Factor2 Factor3 
00 -.57# 29 
- 03 -.71# 04 
-09 - 1 1 .86# 
14 . Í8# 29 
. 50 · .52 · .60# 
.60# .53* 09 
.90# - 13 - 13 
.86# 16 08 
39 6% 20 7% 18 5% 
3 17 1 65 148 
The factor analysis reveals three factors with Eigenvalues above 1 (table 7.10). These factors 
determine the relations between ΔΟΡ, the latency to reach the goal and the ultrasonic 
vocalizations of the male rats. The first factor is related to all low and high vocalizations in the 
Skinnerbox. The second factor is related to ΔΟΡ, the speed of conflict resolution and the 
ultrasounds in the open-field and the Skinnerbox. The third factor relates the ultrasound in the 
open-field to the ultrasound in the Skinnerbox. 
DISCUSSION 
This experiment produces evidence about the predicting properties of ΔΟΡ for the speed of 
conflict resolution. The results pertaining to the effects of social isolation on open-field behavior 
are only partly as expected. The higher thigmotaxis of isolated sons could be expected on the 
basis of results of experiment 4. However, a comparable effect could be expected for ΔΟΡ, but is 
not found. The ΔΟΡ shows unexpected (nonsignificant) differences: the groups social mother -
social son and isolated mother - isolated son show the highest ΔΟΡ. No effect of the rearing 
condition of mother or son is found on ΔΟΡ and consequently no differences in the speed of 
conflict resolution are to be expected in the Skinnerbox. 
In experiment 4 and 6 social isolation during ontogeny caused iso-reared animals to be slower 
in conflict resolution than socio-reared ones. In this experiment no effect of social isolation is 
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found. A possible explanation is the one given by Sloan and Latané (1974). They state that the 
stimulation of human presence in the housing area can effectively substitute for social contact in 
rats. The more effort an experimenter puts into his study, the more ambitious his design, the 
more experimental conditions, and the more rats per condition, the less likely he is to find 
significant differences due to social isolation. They based this statement on the finding that there 
was a highly negative correlation between the effort put in experimentation and the isolation 
effect in the 30 studies done in their own lab. The results of this experiment can be influenced in 
the same way. There were found, however, enough individual differences to examine the 
questions asked in the introduction. The expected negative correlation between ΔΟΡ and the 
speed of conflict resolution is found, but only marginally significant. The results concerning 
AOF-hypothesis - AOF predicts the speed of conflict resolution on the level of group mean 
scores and correlates on individual level with the speed of conflict resolution - in this experiment 
are, therefore, reasonably as expected. 
In the open-field only high and short ultrasonic vocalizations were produced. In the 
Skinnerbox animals were found that solved the conflict relatively fast in four sessions, others 
needed up to 14 sessions before reaching the first leverhold of 5 seconds. The ultrasound 
production in the 22 kHz (low) frequency range stabilized on a low level at session four, and 
also there was an increase in 50 kHz (high) ultrasound production from session four until 
session fourteen. Interestingly, it was found that the duration of 22 kHz ultrasonic vocalization in 
the first conflict session as a reaction to the conditioned aversive stimulus is positively related 
with the latency to reach the goal. This finding is in concordance with an earlier finding of this 
relation (pilot experiment, appendix 1). There is also a strongly negative correlation between the 
low ultrasonic counts and the high ultrasonic counts during the sessions of conflict resolution, 
illustrating that avoidance behavior accompanied by 22 kHz vocalizations subsides for approach 
behavior accompanied by 50 kHz ultrasonic vocalizations. The preceding findings are based on 
data of 11 ultrasonic vocalizers and 9 non-vocalizers in the first conflict test. It appeared that the 
amount of ultrasounds was positively related to the amount of ultrasounds produced in the shock 
session. This result is in concordance with the relation between the amount of 22 kHz in the 
shock session and the goal latency in the conflict test of experiment 4. Furthermore, the amount 
of ultrasounds in the first conflict test was positively related to the amount of ultrasounds in the 
classical appetitive conditioning session, the sessions preceding the first conflict test. 
In conclusion the following relations were revealed in this experiment: 
1) AOF is marginally significantly related to the speed of conflict resolution. 
2) AOF is positively related to the amount of high ultrasound in the open-field, especially on 
day 1. 
3) The latency to reach the goal is negatively related to the amount of high ultrasounds in the 
open-field on day 1. 
4) The latency to reach the goal is positively related to the amount of low ultrasounds in the 
Skinnerbox in the first phase. 
Factor-analysis of the rank correlation matrix of open-field and Skinnerbox data revealed 
three factors: 
a) Factor 1 with significant loadings of ultrasound in the Skinnerbox. 
b) Factor 2 with significant loadings of AOF, high ultrasound in the open-field (day 1) and 
low ultrasound and the goal latency in the Skinnerbox. 
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с) Factor 3 with significant loadings of high ultrasound in the open-field (day 2) and low 
ultrasound in the Skinnerbox (phasel). 
The second factor can be called the AOF-factor. This factor illustrates relations between 
ΔΟΡ, ultrasound and the speed of conflict resolution. Slow conflict resolution (=long goal 
latency) is associated with a negative ΔΟΡ, few high ultrasonic vocalizations in the open-field 
and many low ultrasonic vocalizations in the Skinnerbox. From this factor analysis it appears that 
the low 22 kHz ultrasound recorded as a reaction to the CS during the first phase in the conflict 
test is determined by all three factors and thus is rather complex. The problem is illustrated by the 
research of Tonoue et al. (1986). In the experiment of Tonoue one out of three animals produced 
22 kHz sounds during several minutes after being shocked. The fact that only one out of three 
animals produced the 22 kHz sound as a reaction to shock results in selection of the animals for 
further experimentation on the basis of unknown factors. This shed some doubt on the generality 
of conclusions concerning the effects of some drugs on vocalizing behavior. 
The second factor is the most interesting, because it combines ΔΟΡ, ultrasound and the speed 
of conflict resolution. It gives further evidence for the existence and the meaning of the ΔΟΡ. A 
high ΔΟΡ is related to many high ultrasound in the open-field on the first day, a short goal 
latency, few 22 kHz ultrasounds in both Skinnerbox conflict phases. On the basis of the relations 
found, it is possible that ultrasound can be used as a pharmacologic tool for testing anxiolytics. 
In the experiment of Tonoue et al. (1986) animals just being placed in the shock environment 
produced ultrasound immediately. This points to the fact that ultrasound as a reaction to shock 
and reaction to an aversive CS is an indication of anxiety. Indeed, the occurrence of ultrasonic 22 
kHz sounds after being shocked can be inhibited by opioid peptides and diazepam as anxiolytics 
(Tonoue et al., 1986). The fact that 22 kHz ultrasound loads on three factors in the analysis 
described here and that only one out of three animals in Tonoue's research vocalized must lead to 
cautious interpretation of results. 
PART 2. SUMMARY 
The relation between ΔΟΡ and the speed of conflict resolution measured in the Skinnerbox 
conflict test is confirmed in experiment 17. Ultrasonic vocalizations in the open-field and in the 
Skinnerbox as a reaction to the aversive stimulus are strongly related to ΔΟΡ and goal latency. 
Ultrasound can be used as a predictor for the speed of conflict resolution. However, there are 
unknown factors determining the occurrence of 22 kHz ultrasound produced by rats. The 22 kHz 
ultrasound is made mostly by male rats, and even in males vocalizers and non-vocalizers can be 
distinguished. There is therefore a risk in using this behavior as a tool for anxiolytic research, 
because maybe specific selection of experimental subjects occurs which influences the generality 
of the conclusions. 
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PART 3. AOF AND ANTI-ANXIETY DRUGS 
In chapter VI it is tried to show that the open-field can be used as a conflict test in which the 
speed of conflict resolution of an animal can be measured. When the activity of the animal, as 
expressed in the number of line crossings in the open-field, on the second test day is larger than 
the activity on the first test day the result is г positive AOF which indicates fast conflict resolving; 
a negative AOF indicates slow conflict resolving. Anti-anxiety agents must have a predictable 
effect on a rat's open-field behavior, and especially on its AOF, since AOF is related to conflict 
resolution. Influencing AOF by these agents can give further evidence for the AOF-hypothesis. 
Anti-anxiety agents, such as benzodiazepines, increase the amount of shocks taken in conflict 
tests for instance in the Geller-Seifter conflict paradigm (Geller, 1964). Anti-anxiety drugs all 
impair passive avoidance in spatial tasks; they do not affect escape or one-way active avoidance 
and they improve two-way active avoidance and tend to improve non-spatial avoidance in the 
Skinnerbox (Gray, 1982). The effect on the shuttlebox behavior is explained by Gray (1982, 
1987) in the following way. He assumes that there is a conflict in the shuttlebox between active 
(escape from the dangerous side) and passive avoidance (staying at the safe side). The 
weakening of passive avoidance tendencies by anti-anxiety drugs causes the amelioration of the 
shuttlebox avoidance, and an increase of intertrial crossings that are probably related to the speed 
of conflict resolution (see summary chapter V). In the conditioned punishment paradigm in the 
Skinnerbox also both the active (releasing the lever after pressing) and the passive avoidance 
(staying away from the lever) play a role. It is to be expected that animals press the lever more 
often after the administration of anti-anxiety drugs and that anti-anxiety drugs cause faster 
extinction of the aversive properties of the CS. The speed of conflict resolution is, thus, 
increased after administration of an anti-anxiety agent. The effects of benzodiazepines in some 
procedures are, however, equivocal. Diazepam, for instance, - an anti-anxiety agent, a 
benzodiazepine - can have two opposite effects on the performance of rats, dependent on their 
training history in an Estes-Skinner procedure (Haug and Götestam, 1981) or on the strain used 
in the Sidman avoidance procedure (Kuribara et al., 1976). These two divergent effects can be 
interpreted as anxiolytic and anxiogenic. 
The history of the open-field as an anxiety (conflict) test is rather long (see chapter VI). Hall 
(1936) counted the number of animals that ate the available lettuce in the center of an open-field 
in the course of the testing days. The amount of food eaten in the center of the open-field after 
drug administration can be measured as an indicator of anxiolysis, because diazepam increased 
the amount of food eaten in the center (Britton and Britton, 1981). The effects of repeated 
administration of diazepam on open-field ambulation and muscle relaxation is extensively studied 
by Matsubara and Matsushita (1982). They found that open-field ambulation was enhanced with 
small doses of diazepam and reduced by high doses of diazepam. Their interpretation, however, 
does not make clear whether the open-field can be really used as a anxiety or conflict test because 
the effect of anxiolytic drugs can not be interpreted unambiguously. Being an activity-test the 
open-field is possibly unsuited as a conflict test for the effect of benzodiazepines because of the 
sedative and muscle-relaxant effects of this drug. Often the muscle-relaxant effects of 
benzodiazepines are estimated off-line on a subjective scale. However, if a good ethogram is 
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used the ranges of anti-anxiety effects and effects on motor coordination as described, for 
instance, by Simon and Soubrié (1979) may be well discriminable. 
Gray (1982) reviews the effects of anti-anxiety drugs on the response to novelty, especially in 
the open-field. He states that after the administration of a drug that reduces fear defecation is 
decreased, and in general ambulation is increased, more specifically a decrease in ambulation 
during the first few minutes of testing, followed subsequently by an increase. This increase is 
indeed often found (Simon and Soubrié, 1979), but lacking if the open-field is relatively 
unstressful and only found in the first minutes (Iwahara and Sakama, 1972). Furthermore, anti-
anxiety drugs should increase rearing behavior, but instead in most cases decreases are found 
(Thiébot et al., 1976 in Gray, 1982). However, most effects found may be ascribed to changes 
in motor coordination. 
In the Skinnerbox benzodiazepines may have contrasting effects (Haug and Götestam, 1981, 
Kuribara et ai, 1976). In the open-field, too, differential effects are found. Benzodiazepines can 
enhance exploration in the open-field (Iwahara and Sakama, 1972) or reduce exploration (File, 
1985). In an open-field the acute administration of diazepam in low doses may enhance the open-
field activity and in high doses diminish open-field activity (Matsubara and Matsushita, 1982). 
The relation between AOF and the speed of conflict resolution presented in chapter VI leads 
to the supposition that an anti-anxiety agent has an effect on slow conflict resolvere in particular. 
The result to be expected is an increase in ΔΟΡ (a more positive ΔΟΡ) after administration of a 
benzodiazepine - like for instance diazepam (valium) in the range of doses that is not muscle-
relaxant. 
EXPERIMENT 18. DIAZEPAM AND AOF IN ROMAN HIGH AND LOW 
AVOIDANCE RATS 
INTRODUCTION 
Diazepam is the drug used in the following experiments. Diazepam - one of the 
benzodiazepines - can have a number of effects on behavior. It is sedative, amnesic, hypnotic, 
muscle-relaxant and anticonvulsive, partly dependent on the dose administered. An estimation is 
made at which doses, diazepam has an anxiolytic effect and no muscle-relaxant effect. For rats 
the estimated dose was 0.4 mg/kg, solved in Tween-80 and i.p. injected. Furthermore, the open-
field test is a repeated test and repeated administration of diazepam can result in tolerance 
(Dantzer, 1977, File, 1985a), and even state-dependent behavior is possible (Dantzer et al., 
1976). In preliminary experiments Wistars are tested in four groups, on the first day half of the 
animals received a dose of 0.4 mg diazepamAg, the other half the control solution and on the 
second day these groups are split and again half of the animals received diazepam and the other 
half control injection. Completely no effects were found of diazepam treatment on day 1 or day 2 
on any of the variables measured. Therefore, the experiment was replicated and the dose was 
increased to 0.8 mg/kg. However, again no effects were found. The variance between the 
subjects appeared to be extremely high. Analysis of the changes in locomotor activity - ΔΟΡ -
revealed no systematic pattern of increase or decrease in any group. One possibility was the one 
presented by Patel et al. (1984). They found benzodiazepine responders and non-responders in 
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their hold-down conflict test, and thus one possibility was that the Wistar population is a mixture 
of responders and non-responders in a gradual degree. To overcome this disadvantage of a 
random bred population, inbred strains are chosen for further experimentation. Based on the 
results of experiment 12 the most suitable rats for these experiments seem to be the Roman High 
Avoidance inbred strain of rats. Especially the males of this strain are slow conflict resolvers 
(chapter V) and have a strong negative ΔΟΡ (chapter VI). Comparison with the Roman Low 
Avoidance rats may enlighten the contrasting behavioral effects often found after administration 
of benzodiazepines. 
A number of pilot experiments have been performed to estimate the way of administration of 
diazepam and the doses diazepam to be used. The first pilot was a replication of the Wistar 
experiments with the Roman High Avoidance male rats (day 1 diazepam and control and day 2 
diazepam and control). A Day 1 effect on the ΔΟΡ and a significant day 1 by day 2 interaction 
on the ΔΟΡ. No significant differences are found on other variables. The Control-Diazepam 
group (ΔΟΡ= -95.00) is different from the Diazepam-Con trol (ΔΟΡ= -46.33) and the Diazepam-
Diazepam group (ΔΟΡ= -1.66). Also the Control-Control group (ΔΟΡ= -66.00) is significantly 
different from the Diazepam-Diazepam group. Administration of diazepam of both test days in 
the open-field elevated ΔΟΡ to approximately zero. In the subsequent experiments described 
diazepam is administered on both open-field test days. 
Por comparison the Roman Low Avoidance strain is used, because their ΔΟΡ is significantly 
higher than the ΔΟΡ of the RHA rats and hence the question is whether the ΔΟΡ can be raised 
by administration of diazepam. In the second pilot experiment a comparison is made between 
RHA and RLA rats with doses that are often administered to Wistar rats, i.e. 1.0, 2.5 and 5.0 
mg/kg. The locomotor activity of RHA rats was more affected than the activity of RLA rats. The 
data indicated that the diazepam doses used are too high for the RHA strain for testing the 
anxiolytic properties of diazepam. Strong muscle-relaxation already at 1 mg/kg decreases the 
locomotor activity of the RHA rat in the open-field. For testing antianxiety effects of diazepam in 
this strain, doses between zero and one mg/kg have to be selected. It seems that the RHA strain 
is much more sensitive to the muscle-relaxant influence of diazepam, at least in a new 
environment such as the open-field. 
There are differences found between the RLA and RHA strains concerning the binding of 3H-
diazepam in the hippocampus (Gentsch et al, 1981). ^H-diazepam binding is significantly 
reduced in the RLA strain. The effect of diazepam on open-field behavior is maybe different 
between the strains, the RLA maybe less affected because of less binding sites and thus 
responding less. 
In this experiment the influence on the ΔΟΡ in RLA and RHA rats will be measured with the 
doses 0.1, 0.4 and 1.6 mg diazepam/kg. Based on the results of the pilot experiments, the 
behaviors lying down, staggering and falling over are included in the open-field ethogram to 
estimate the amount of the muscle-relaxation. After two days administration of the required dose 
and i.p. injection, aftereffects were measured on a third test day not preceded by i.p. injection. 
Furthermore, aftereffects are measured in the shuttlebox in which they show good and bad 
avoidance behavior, for which they are selected (Bignami, 1965). Less attention is given to strain 
and sex differences in the experiment, all emphasis lies on the AOF-hypothesis formulated in 
chapter VI. 
The questions investigated in this experiment are: 
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1) Can diazepam enhance ΔΟΡ? 
2) Can the AOF-increase found earlier in Roman High Avoidance males be replicated? 
3) Can the presumed opposite behavioral reactions of the RHA and the RLA rats be verified 
by administration of diazepam? 
METHODS 
Subjects 
Subjects were 48 Roman High Avoidance/kun and 48 Roman Low Avoidance/kun inbred 
rats, descents of the RHA/iop and RLA/iop inbred rats. They were equally divided over the two 
sexes weighing respectively between 113-136 gms (RLA females), 179-207 gms (RLA males), 
153-192 gms (RHA females) and 239-275 gms (RHA males). They were approximately three 
months old. They were maintained at a reversed dark/light cycle with lights off at 8.00 a.m. and 
on at 8.00 p.m. 
Apparatus 
Open-field and shuttlebox are as described in chapter Π. 
Procedure 
Rats were injected i.p. 15 minutes before introduction into the open-field. The control 
injection existed of half the solvent in which the diazepam (RVG 0079, Roche) was solved: 40% 
propylene glycol, 10% ethanol and 5% natrium benzoic acid. The other half existed of 3% 
Tween-80 in 0.9 % NaCl. The injected amount was approximately 1 ml per 400 grams. Subjects 
were tested in a standard way on two consecutive days in four groups - controls, 0.1 mg 
diazepam, 0.4 mg diazepam and 1.6 mg diazepam/kg. Each group consisted of six males and six 
females of both strains. As much as possible brothers and sisters were used and distributed as 
equally as possible over the four Dose groups. Immediately following the two injection days an 
open-field test was given on a third day without any injections. In the open-field test the standard 
procedure was used (chapter II). The experimenter was unaware in advance whether the 
experimental subject was a male or a female, a RLA or a RHA rat and which dose the subject had 
received. All animals were also tested in the open-field on a third day without any injections 
given, immediately following the two injection-days. Lying down is measured as duration in 
seconds. The behaviors falling over and staggering are measured in frequencies. The results of 
the open-field test are described separately for both sexes of the strains. Less attention is given to 
strain and sex differences in the experiment, because all emphasis lies on the AOF-hypothesis 
formulated in chapter VI. Contrasts between the measurements after administration of a specific 
Dose of diazepam and control injection are analyzed in an ANOVA. 
R E S U L T S 
Open-field 
Data concerning lying down, falling over and staggering and concerning the open-field 
behavior on the third open-field test day can be found in appendix 6. 
Roman Low Avoidance males 
Lying down behavior is found in the 1.6 mg group. Some staggering and falling over is 
already recorded in the 0.4 mg group and increased in the 1.6 mg group. The group in which the 
anxiolytic effects of diazepam can be discovered is especially the 0.1 mg diazepam group and 
maybe the 0.4 mg group. No anxiolytic effect is found in the 0.1 mg group (table 7.11). In the 
0.4 mg group the ΔΟΡ has been significantly decreased indicating that diazepam may lead to 
anxiogenic effects on the RLA males in this group (figure 7.12). After administration of 1.6 mg 
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diazepam the subjects show significantly less reanngs with respect to the control group 
Aftereffects of the diazepam treatment arc a strong increase in the number of reanngs of the 0 4 
and 1 6 mg Dose groups 
Figure 7 12 Locomotor 
activity in the open-field measured 
after administration of diazepam 
ΔΟΡ and Roman Low Avoidance 
males 
TABLE 711 Open-field behavior of Roman Low Avoidance inbred males after injection of diazepam 
MALE 
DIAZEPAMdng/kg) 
Crossings day 1 
Crossings day 2 
ΔΟΡ 
Thigmotaxis day 1 
Thigmotaxis day 2 
Reanngs day 1 
Reanngs day 2 
Boh day 1 
Boh day 2 













1 4 1 6 
70 8 111 3 91 3 
37 5 44 0 47 8 
33 3 67 3 43 5 
81 84 81 
61 82 81 
32 7 37 0 14 0 
1 1 5 7 0 4 7 
1 33 2 00 1 00 
1 50 83 1 00 
6 6 6 
1 mg 4 mg 1 6 mg 
F ρ F ρ F ρ 
01 906 2 26 149 49 491 
26 618 07 800 01 914 
25 621 4 76· 041 1 01 327 
33 574 02 892 33 570 
2 74 113 00 997 01 928 
28 605 00 966 8.86« 007 
04 851 30 591 86 365 
0 1 000 87 362 22 646 
5.98· 024 1 10 307 1 95 178 
df=l,20 
Roman Low Avoidance females 
The number of staggerers in the RLA females is extremely high in the 1 6 mg group 
control 0 1 mg 0 4 mg 1 6 mg 










control 0 1 mg 0 4 mg 1 6 mg 
DOSE of DIAZEPAM 
Figure 7 13 Locomotor 
activity in the open-field measured 
after administration of diazepam 
ΔΟΡ and Roman Low Avoidance 
females 
184 
CHAPTER VII. CHARACTERISTICS OF ΔΟΡ 
These animals still walk around with apparent strong muscle-relaxation, and fall over 
repeatedly. Almost no lying down is found in this group. A significant increase in activity is 
found in all diazepam groups (table 7.12). Already the 0.1 mg dose shows this effect. As a result 
the ΔΟΡ shows non-significant decreases (figure 7.13). The data presented here point to a 
mildly anxiogenic effect of diazepam in the RLA females indicated by the activation on day 1 and 
the - nonsignificant - decrease in the ΔΟΡ measure. 
TABLE 7.12. Open-field behavior of Roman Low Avoidance female inbreds after injection of diazepam. 
RLA FEMALE 
DIAZEPAM(mg/kg) 
Crossings day 1 
Crossmgs day 2 
ΔΟΡ 
Thigmotaxis day 1 
Thigmotaxis day 2 
Rearings day 1 
Rearings day 2 
Boli day 1 
Boli day 2 

























































































The rearing behavior in the 1.6 mg group is strongly affected, which is comparable to the 
effect found in the RLA males. No specific significant aftereffects are found in the RLA females. 
Only an marginally significant effect of the highest dose diazepam on the number of rearings is 
found, indicating an increase in the number of rearings with respect to control animals. 
Roman High Avoidance males 
In the RHA males the 0.4 mg and the 1.6 mg group show the muscle-relaxant effects of 
diazepam. Only in the 0.1 mg group the unbiased anxiolytic effects of diazepam can be found 
without disturbing effects on motor behavior. In the RHA males the ΔΟΡ shows again the 
expected increase pointing to the anxiolytic effect of diazepam in this strain (table 7.13 and figure 
7.14). On the first day in the open-field the locomotor activity of the males is diminished in the 








Figure 7.14. Locomotor 
activity in the open-field measured 
after administration of diazepam. 
AOF and Roman High Avoidance 
males. 
control 0.1 mg 0.4 mg 1.6 mg 
DOSE of DIAZEPAM 
An increase in activity is found in the 0.1 mg group on the third test day. In the 1.6 mg group 
the locomotor activity, the rearing activity and the number of defecations has been significantly 
increased. 
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TABLE 7 13 Open-field behavior of Roman High Avoidance male tnbreds after injection of diazepam 
RHA MALE 
DIAZEPAM(mR/k|>) 
Cross mgs day 1 
Crossings day 2 
ΔΟΡ 
Thigmotaxis day 1 
Thigmotaxis day 2 
Reanngs day 1 
Reanngs day 2 
Boh day 1 
Boh day 2 
N of subgects 
control 











1 4 1 6 
88 0 6 1 0 18 2 
5 1 7 22 7 14 5 
-36 3 -38 3 3 7 
92 97 91 
91 89 73 
27 2 15 7 4 0 
12 7 8 8 3 2 
3 17 1 50 1 83 
2 00 1 50 1 50 
6 6 6 
1 mg 4 mg 1 6 mg 
F ρ F ρ F ρ 
1 53 230 6 9 1 * 016 23 38« 000 
06 805 1 69 208 3 02+ 098 
4.57· 045 3 96+ 061 20 92« 000 
06 806 2 45 133 00 959 
01 929 05 819 2 29 146 
1 17 292 6.97· 016 17 81« 000 
02 889 45 509 3 52+ 075 
32 576 1 76 200 90 355 
05 831 19 671 19 671 
df=l,20 
Roman High Avoidance females 
The RHA females in the 1.6 mg group are lying down for almost the complete duration of the 
session The effect is much less severe in the 0 4 mg group and absent in the 0 1 and control 
groups No signs of an anxiolytic effect of diazepam in the RHA females is found (table 7 14 
and figure 7 15). The effects found in the groups with the high doses of diazepam can be 
Figure 7 15 Locomotor 
activity in the open field measured 
alter administration of diazepam 
ΔΟΡ and Roman High Avoidance 
females 
TABLE 7 14 Open field behavior of Roman High Avoidance female mbreds after injection of dia7epam 
RHA FEMALE 
DIAZEPAMdng/kg) 
Crossings day 1 
Crossings day 2 
ΔΟΡ 
Thigmotaxis day 1 
Thigmotaxis day 2 
Reanngs day 1 
Reanngs day 2 
Boh day 1 
Boh day 2 













1 4 1 6 
133 7 64 3 1 1 2 
84 3 28 7 2 3 
49 3 35 7 8 8 
92 95 63 
97 88 29 
39 2 16 0 8 
17 5 6 8 3 
2 33 2 00 33 
2 17 1 00 17 
6 6 6 
1 mg 4 mg 1 6 mg 
Ρ ρ F ρ F ρ 
2 02 17148.92« 000126 99« 000 
29 597 8.80« 008 16.93« 001 
05 831 59 450 3 46+ 078 
02 896 19 664 7.67· 012 
07 788 23 639 29.72« 000 
4 26+ 052 60 93« 000133.72« 000 
15 699 8.42« 009 19.62« 000 
45 511 1 24 278 11 19« 003 
08 781 5 08 · 036 13 41« 002 
df=1.20 
The only aftereffect found is a significant increase in the number of reanngs on the third day 
in the open-field. 
ascnbed to the muscle-relaxant effects of diazepam 
100-t • • • 
control 0 1 mg 0 4 mg 1 6 mg 
DOSE of DIAZEPAM 
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ΔΟΡ in strains and sexes 
ΔΟΡ was analyzed in a trendanalysis over the four Doses, Strain and Sex were the other 
between-subject factors. Only the strain effect on the linear trend was significant (Fi>24=8.82, 
p=.004). The influence of diazepam was divergent on the strains, supporting the findings 
presented for each strain and sex separately. 
¡mtial behavioral reaction in the open-field test after diazepam treatment 
Trend analysis is done on the total amount of locomotor activity (number of line crossings) 
on the first day in the open-field. The trendanalysis was made for both strains separately, so that 
significant increases or decreases within a strain and not only strain differences could be detected 
(table 7.15). 
TABLE 7.15. Dose-response effect of valium on the locomotor activity of the Roman Low and High Avoidance on 






EXPL VAR. TRBTO 
% F ρ 
55 40 5.73· .021 
21 59 1 95 170 






1 48 230 
RHA EXPLVAR TREND 
% F ρ 
96 3 1 Π 9 . 9 7 # 000 
2 32 2 78 103 






1 22 275 
df=l,20 
The RLA rats show a significant increase in activity on the first day in the open-field (figure 
7.16a and b). The Roman High Avoidance rats show a significant decrease in open-field activity 
(figure 7.16c and d). In the RHA strain not only the expected sex difference in the grand mean of 
ambulations on day 1 is found, but also a sex difference on the linear trend. The (in)activities of 
males and females are becoming more equal in the higher doses of diazepam. 
Aftereffects of the diazepam treatment third day in the open-field 
On the first and second test day in the open-field strong strain differences are found on the 
mean and on the linear trend concerning locomotor activity (table 7.16). Roman High Avoidance 
rats show a decrease in locomotor activity and Roman Low Avoidance rats an increasing activity 
parallel with increasing doses of diazepam (table 7.15). 
Figure 7 16a Locomotor 
activity and rearing activity on 
three open-field test days in 
relation to the dose of diazepam 
administered on the first and second 
day for male Roman Low 
Avoidance rats 
control 0 Img 0 4mg 1 6mg 
DOSE of DIAZEPAM 
However, on the third day in the open-field test - no injections given - strain differences have 
disappeared. All animals that received a diazepam treatment show a higher activity than control 
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activity on all three days grand mean strain and sex differences are found and a linear trend (table 
7.16 and figure 7.16a, b, с and d). In the first two days this linear trend indicates a decrease in 
rearing activity, on the third day in the open-field an increase of rearing activity is found parallel 
with the increasing doses of diazepam. The divergence between the strains found in locomotor 
activity on the first two days in the open-field is not found in the rearing activity. 
200-
control 0 img 0 4mg 1 6mg 
DOSE of DIAZEPAM 
Figure 7.16b. Locomotor 
activiiy and rearing activity on 
three open-field test days in 
relation to the dose of diazepam 
admimsiered on the first and second 
day for female Roman Low 
Avoidance rats. 
control 0 Img 0 4mg 1 6mg 
DOSE of DIAZEPAM 
Figure 7.16c. Locomotor 
activity and rearing activity on 
three open-field test days in 
relation to the dose of diazepam 
administered on [he first and second 
day for male Roman High 
Avoidance rats. 
control 0 Img 0.4mg 1.6mg 
DOSE of DIAZEPAM 
Figure 7.16d. Locomotor 
activity and rearing activity on 
three open-field test days in 
relation lo the dose of diazepam 
administered on the first and second 
day for female Roman High 
Avoidance rats. 
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TABLE 7.16. Dose-response effect of valium on ihe locomotor and rearing activity of the 
Roman Low and High Avoidance on three consecutive days in the open-field. 
CROSSINGS 
Crossings day 1 
Crossings day 2 
Crossings day 3 
Rearings day 1 
Rearings day 2 




Linear 27.50« .0 
Mean 
Linear 5.29· .024 
Mean 
Linear 14.04« .00 
Mean 
Linear 105.71# .0 
Mean 
Linear 17.46« .000 
Mean 
Linear 46.24« .0 
STRAIN SEX 
F ρ F ρ 
21.79« .0 26.64« .0 
56.05« .0 1.43 .236 
13.75« .0 20.39« .0 
6.29· .014 1.20 .278 
.02 .888 38.06« .0 
1.40 .241 .23 .632 
25.24« .0 10.48« .002 
2.03 .158 3.61+ .061 
4.69· .033 11.19« .001 
.51 .477 1.96 .166 
9.25« .003 7.72« .007 
.00 .978 .17 .677 
df=l,24 
Shuttlebox behavior: aftereffects of the diazepam treatment 
The data for both strains are analyzed separately, because strong divergent reactions of both 
strains were already found in the open-field (data in appendix 7). 
Roman Low Avoidance rats 
In the RLA strain the males show more sitting responses (=no responses) in the shuttlebox 
than the females. After the experience with 0.1 mg diazepam and 1.6 mg diazepam in the open-
field the number of escapes in the shuttlebox is declined. The avoidance performance in females 
tends to be slightly better after diazepam experience. Trendanalysis revealed a sex difference on 
the linear trend for escapes in the shuttlebox (Fii4o=6.05, p=.018). In females a decline in the 
number of escapes is found. It seems that the number of avoidances is increased, although not 
statistically significant. 
Roman High Avoidance rats 
In the RHA strain sex differences are found on the avoidance, escape and sit response. Males 
show less avoidances, more escapes and more sits than females. More sits are found in the 0.4 
mg group of the males. Furthermore, the number of presession crossings is increased in the 1.6 
mg group. Trendanalysis show that there was a significant increase in presession crossings 
(Fl,40=7.17, p=.011) and a marginally significant interaction between Dose and Sex 
(F l i4o=4.07, p=.050). 
Anxiolytic experience and shuttlebox behavior 
To investigate the anxiolytic effects of diazepam particularly the 0.1 mg group is analyzed, 
because no significant falling over, lying down and staggering is found in this group. 
TABLE 7.17. Shuitlebox behavior of RLA and RHA rats for ihe control and the 0.1 mg group. For means see 







(1) STRAIN (2) SEX 
F ρ F ρ 
205.95« .000 2.34 .134 
303.80« .000 3.57+ .066 
7.64# .009 11.78« .001 
6.51· .015 .02 .900 








1 x 2 1 x 3 2 x 3 1x2x3 
F p F p F p F p 
.81 .372 1.26 .268 .63 .433 3.33+ .076 
13.29« .001 11.06« .002 .01 .937 .16 .692 
3 . 8 5 + . 0 5 7 2.04 .161 1.05 .311 3.51+ .068 
.02 .900 .37 .548 .23 .634 .83 .369 
5.69· .022 .07 .792 .20 .661 .20 .661 
df=l,40 
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The effect of the smallest dose (0.1 mg) on shuttlebox behavior is investigated with a three-
way anova with two levels for dose. So there are three factors in the design with two levels each: 
Strain (RHA and RLA), Sex (male and female) and Dose (control and 0.1 mg diazepam) (table 
7.17). 
Figure 7.17. Number of 
escapes in the shuttlebox after the 
open-field experiment with 
diazepam ueatment for the 0.1 mg 
diazepam group. 
RHA male RHA female RLA male RLA female 
STRAIN - SEX 
The strains differ significantly in number of avoidances, escapes, sits and intertrial crossings. 
Especially the females show less sitting behavior and more presession crossings than the males. 
Strain by sex interaction is found on the number of escapes and the number of presession 
crossings. A dose effect is found on the number of escapes and the number of presession 
crossings, i.e. less escapes and more presession crossings after 0.1 mg of diazepam experience 
in the open-field. In fact, on the number of escapes a strain by dose interaction is found, 
especially the RLA show less escapes after the 0.1 mg experience. 
D I S C U S S I O N 
Only in RHA males an increase in the AOF is found after the administration of sub 
myorelaxant doses of diazepam. This finding is in accordance with the results of experiment 12, 
in which RHA males appeared to be slow conflict resolvers in contrast with females and RLA 
rats. An anxiolytic effect could be expected particularly in the group of RHA males. In the 
experiments presented in this thesis and in other sources (Gentsch et al., 1981) it appeared that 
open-field behavior of the Roman High Avoidance males is highly comparable to the open-field 
behavior of iso-reared rats. The finding that diazepam is only effective in the RHA males is 
comparable with the finding of Einon and Туе (1975), who found effects of chlordiazepoxide 
only in iso-reared rats on their emergence behavior. In socio-reared rats no effects of the 
benzodiazepine were found. 
The aftereffects of the diazepam treatment in the open-field are an increase in locomotor and 
rearing activity on the third day in the open-field. Although there is normally a high correlation 
between locomotor and rearing activity, there is a dissociation between those activities during and 
after administration of diazepam. Sex differences in locomotor activity still parallel sex 
differences in rearing activity, during the three open-field testdays females have a higher activity 
than males. Concerning locomotor activity the strain differences in the mean and the linear trend 
have disappeared on the third day in the open-field. Concerning rearing activity the grand mean 
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strain difference is stable in all three days. Rearing activity is affected in the same way in both 
strains (RLA and RHA) and reflects the effect of diazepam on motor performance in a dose-
dependent way. Although both strains behaved quite different on the first and second open-field 
test day, influenced by diazepam, this difference has disappeared on the third day. The 
disappearance of the strain differences on locomotor activity on the third day reflects maybe 
amnesic-like effects in both strains. Anterograde amnesia is reported earlier for diazepam (see 
Thiébot, 1986, Pereira et al., 1988). Animals previously tested in the open-field with a high dose 
of diazepam experience the environment as a new environment on the third day and hence the 
values of the variable are equal to the day 1 activity of untreated animals. 
From chapter V it is known that experience in a number of tests with shocks increases 
avoidance behavior and diminishes sitting behavior of RLA and TMD rats in the shuttlebox. A 
same effect is found as a result of experience with diazepam in the open-field test. Amphetamine 
increases the number of avoidances in the RLA strain to the level of RHA rats and parallel with 
this finding an increase in activity (intertrial crossings) is found (Driscoll, 1986). In chapter V the 
number of intertrial crossings of an individual could be related to the speed of conflict resolution, 
but not to the number of avoidances. When in the experiments of Driscoll the drug was 
discontinued normal activity and 'normal' (=bad performance) avoidance behavior was found in 
the RLA rats. Therefore, activity and avoidance performance seem to be linked together. In RHA 
rats a decrease in avoidance response is found after amphetamine (Driscoll, 1986). RHA rats 
show in the shuttlebox after the same test experience a decrease in the number of presession and 
intertrial crossings. The effect of diazepam on the decrease in presession crossings in RHA rats 
is replicated in this experiment. If it is assumed that test experience offers a reduction of fear to 
the animal the effect of diazepam is also a reduction of fear already in the 0.1 mg per kg diazepam 
dose. It seems that the fear reduction is found in both strains although their behavioral reaction in 
the open-field after the administration of diazepam is quite different. 
By observing other behaviors apart from locomotor activity - line crossings - it was found that 
although there is an increase in activity in the RLA rats they show severe signs of muscle-
relaxation. Trend analysis in the RLA strain revealed a 'dose-response' increase in activity in this 
strain, but in the RHA strain a strong decrease in activity is found. Dantzer (1977) in reviewing 
data concerning the influences of benzodiazepines on behavior states that 'from this growing 
body of data it must be recognized that benzodiazepines are able to affect almost any behavior, 
with changes often far from those which would be predicted by an anti-anxiety model. Available 
evidence suggests that these compounds decrease suppressive effects of aversive stimuli on 
behavior, a result often interpreted in terms of decrease in aversiveness, and do not attenuate but 
rather increase the facilitatory effects of shock or non-reward, a result more easily dealt with in 
terms of changes at the response level.' Paradoxical effects are also found with respect to the 
'activity on day 1'-hypothesis (see chapter VI): anxiogenic effects in the Roman Low Avoidance 
and anxiolytic effects in the Roman High Avoidance strain, predicting a decrease in the speed of 
conflict resolution in the RLA stain and an increase in the RHA strain. During the Skinnerbox 
experiments an effect is found quite comparable with the strain difference found here. When 
animals were trained in a conflict procedure for a long time all animals became quite tame in the 
long run (the experiment mentioned here was done with the Fl-hybrids of WKY and SHR). 
When the effect of diazepam on the behavior of these animals was tested in the conflict test, the 
subjects were injected a quarter of an hour before placing the animals in the Skinnerbox. All 
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animals injected with diazepam without any exception showed two effects when handled and put 
into the Skinnerbox, all animals show muscle-relaxation and all animals tried to escape from the 
,\and. It seemed that diazepam increased the tendency to escape or decreased the tendency to 
ireeze (the reaction on handling). They behaved as if they were not handled before. An 
experiment with handled and non-handled rats and the administration of diazepam could prove 
this finding. 
The Roman Low Avoidance is a strain that could be easily handled and shows not much 
escape behavior when handled by the experimenter, the RHA rats show much escape behavior 
when handled they are much 'wilder' than the RLA rats. By injection of diazepam this pattern is 
completely changed. The RLA rats show an increase in activity on the first open-field test day 
(often interpreted as much escape behavior); the RHA rats show a strong decrease of activity in 
the open-field as a results of diazepam administration (often interpreted as less escape behavior). 
This could be compared with the handling effect mentioned earlier and the findings of Treit et al. 
(1986), who also found differential effects of diazepam on passive avoidance and exploration 
behavior dependent on the presence of bedding or not in the test box. According to their findings 
the effect of diazepam on the behavior of the experimental subjects could be interpreted as 
anxiolytic with a bedding floor and as anxiogenic with a bare floor. Treit et al. (1986) tried to 
explain these results in terms of a hierarchical organization of defensive reactions: 'anxiolytics 
may not reduce a fear state at all but rather the most probable response to this state'. Applying 
this reasoning to the Roman strains gives the following explanation. The Roman Low Avoidance 
strain shows freezing behavior in state of fear. This is reduced by diazepam so the second 
behavior in line 'escape' behavior is disinhibited. In Roman High Avoidance rats escape is the 
most prominent behavior. Diazepam reduces this response resulting in more freezing behavior. 
These differences are in agreement with the differences found in the open-field. The 
interpretation of the behavioral effects of diazepam can not remain that diazepam is anxiogenic in 
the RLA strain and anxiolytic in the RHA strain. Maybe a better interpretation is that in both 
strains the most important and initial fear reaction (response) is diminished by the anxiolytic 
diazepam. In line with the findings of Treit et al. (1986) it can be stated that 'the effects of 
diazepam on fear reactions in rats are modulated by genetic constraints on the rat's defensive 
repertoire'. This statement is in line with other findings of differential effects of diazepam (Haug 
and Götestam, 1981; Kuribara et al., 1976; Matsubara and Matsushita, 1982). More recently the 
efficacy of diazepam was discussed by Ljungberg et al. (1987), who proposed the hypothesis 
that diazepam impaired the process of functional decision-making in rats in a non-specific way. 
The results of their experiment could not be explained in terms of disinhibition (Gray, 1982) or 
response perseveration (Dantzer, 1977). It is therefore possible that the impairment of decision-
making by diazepam influences the speed of conflict resolution as measured by AOF. 
PART 3. SUMMARY 
The effect of diazepam on the AOF is investigated in RHA and RLA rats. Diazepam doses 
used are 0.1,0.4 and 1.6 mg/kg. In RHA males an increased AOF is found in the dose in which 
apparently no muscle-relaxation is found. This finding replicates the findings of two preliminary 
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experiments. Generally, on the first day in the open-field RUA animals show a decrease in 
locomotor activity, RLA rats show an increase in locomotor activity. The explanation given is 
that in both strains the most important and initial fear reaction (response) is diminished by the 
anxiolytic diazepam.The Roman Low Avoidance strain shows freezing behavior in state of fear. 
This is reduced by diazepam so the second behavior in line 'escape' behavior is disinhibited. In 
Roman High Avoidance rats escape is the most prominent behavior. Diazepam reduces this 
response resulting in more freezing behavior. These differences are in agreement with the 
differences found in the open-field. The interpretation of the behavioral effects of diazepam can 
not be that diazepam is anxiogenic in the RLA strain and anxiolytic in the RHA strain. In line 
with the findings of Treit et al. (1986) it is stated that 'the effects of diazepam on fear reactions in 
rats are modulated by genetic constraints on the rat's defensive repertoire'. 
CHAPTER SUMMARY 
Chapter VII shows a number of characteristics of the AOF. One of the possible interpretations 
of open-field behavior in an ethological sense is to interpret approach tendencies in the open-field 
as seeking for cagemates and avoidance tendencies as experimenter avoidance (Suarez and 
Gallup, 1981). Based on this model a number of predictions concerning open-field behavior are 
investigated with special emphasis on a comparison with the AOF-hypothesis. The model of 
Suarez and Gallup (1981) appeared to be not in concordance with the interpretation of the open-
field test presented in this thesis as the AOF-hypothesis. 
In the second part of this chapter the relation between AOF, ultrasound and the speed of 
conflict resolution is investigated. Factor analysis revealed a factor that can be called the AOF-
factor. This factor illustrates the relations between AOF, ultrasound and the speed of conflict 
resolution. Slow conflict resolution (=long goal latency) is associated with a negative AOF, few 
high ultrasonic vocalizations in the open-field and many low ultrasonic vocalizations in the 
Skinnerbox. 
The last series of experiments (part 3) concerns the question whether the AOF could be 
changed acutely by means of anti-anxiety agents. The expectation was that anti-anxiety agents 
increase the AOF. Diazepam (valium, a benzodiazepine) was the drug used in these 
experiments. It was indeed found that in subjects with a strong negative AOF (the Roman High 
Avoidance males, which indeed are slow conflict resolvers, see experiment 12) a significant 
increase of the AOF was found after diazepam treatment. However, in the Roman Low 
Avoidance no effect or even a tendency to a decrease in AOF was found. The 'anticonflict' effect 
of diazepam is therefore equivocal. Diazepam seems inhibit the dominant avoidance response of 
the rats, disinhibiting the response second in hierarchy. For both strains this means a total 
reversal of behavior. The normally most active Roman High Avoidance strain remains 
motionless in the open-field after diazepam treatment, the normally freezing Roman Low 
Avoidance strain runs for escape through the open-field after diazepam treatment. 
Although an ethological interpretation of open-field behavior is attractive, the model of Suarez 
and Gallup gives no explanations of the basic motivations underlying open-field behavior. The 
AOF-hypothesis seems to be more practical and AOF is validated as a conflict parameter in 
chapter VI. Ultrasound can also be used as a predictor of the speed of conflict resolution, but has 
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the disadvantage to be dependent on sex and rearing environment and has to be looked upon with 
care. In general, it appears from this chapter that the ΔΟΡ is a promising conflict parameter 
which can be easily measured in the open-field and can be used as a screening parameter for anti­
anxiety agents. 
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This thesis deals with the approach-avoidance conflict. Especially emphasized is the speed 
of conflict resolution, i.e. how fast an approach-avoidance conflict is solved. The speed of 
conflict resolution is measured by the latency to reach a goal. Theoretically this study is based on 
the approach-avoidance conflict model of Miller (1944,1959), and a number of experiments with 
rats as subjects have been performed to investigate certain predictions based on Miller's model. 
Furthermore, it is investigated whether the speed of conflict resolution can be predicted on the 
basis of behavior in an open-field and ultrasonic vocalizations, produced by the rats. 
In chapter I a general introduction to the subject of approach-avoidance conflict is given. Its 
place in the psychological and ethological literature is briefly presented. Especially the outcome 
of a conflict and the speed of conflict resolution are emphasized as important parameters related 
to survival. In the last part of this chapter the experimental subject - the domesticated rat (Rattus 
norvegicus) - is introduced and the problems of behavioral studies in the laboratory with animals 
such as rats are briefly discussed. The chapter ends with an overview of the contents of this 
thesis. 
In chapter Π apparatus and procedures necessary for understanding subsequent chapters are 
presented. The paradigm and the experimental configurations are developed to study the 
approach-avoidance conflict in rats. It appears that such a conflict can be successfully induced by 
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a conditioned punishment paradigm. In this paradigm a subject leams an approach response, for 
instance running for food in a runway or pressing a lever for food in a Skinnerbox. In a second 
phase the subject is made afraid of a specific signal, a light or a tone. The signal becomes an 
aversive conditioned stimulus (CS) by pairing it repetitively with shocks. In the third phase the 
approach response is interrupted by the presentation of the aversive conditioned stimulus. In the 
Skinnerbox a tone (CS) is contingent on leverholding and interrupts the lever holding. In the 
runway a light (CS) is contingent on forward movement and interrupts approach running. After 
having been interrupted most subjects resume the approach response in the long run and 
eventually make a complete approach response and reattain the criterion for a successful approach 
response. The criterion for conflict resolution is defined as the latency of the complete approach 
response and this latency is used as the variable which determines the speed of conflict 
resolution. A number of basic principles for the use of the paradigm are presented. 
The shock strength which is paired to pair with the aversive stimulus, the trial number in 
which the conflict is induced and the properties of the aversive light stimulus in the runway are 
determined. In the runway the light (CS) is contingent on forward movement, which means that 
only when the rat steps forward the light stimulus is given, when it remains put or retreats no 
stimulus is presented. This flashing kind of stimulus presentation produces behavior that is 
comparable with the behavior found in the Skinnerbox, the animal has comparable control over 
the stimulus presentation. 
Chapter III concerns the approach-avoidance conflict model of Miller (1959). The 
assumptions and the predictions of this model are presented and discussed. A number of 
shortcomings of the model are found. The assumption of the summation of approach and 
avoidance gradient is equivocal (Heilizer, 1977a). Oscillation is an important feature of the 
model, but is nonetheless disregarded in research (Heilizer, 1977b). Furthermore, it is found that 
conflict resolution in the course of time by way of extinction is as effective as any other 
therapeutic intervention (Heilizer, 1978). A number of experiments are designed to test some of 
characteristics of the model. 
The summation hypothesis of Miller's model (postulate D) supposes complete additivity of the 
strengths of the approach and avoidance gradients to determine the point of conflict (the point 
where approach and avoidance are equal in strength). It is investigated whether the point of 
conflict is related to the speed of conflict resolution and whether the additivity postulate that holds 
for the gradients also holds for the speed of conflict resolution. The results are suggestive for a 
deviation of the summation hypothesis for the speed of conflict resolution. The most hungry and 
the less shocked group reaches the goal the quickest - as is to be expected -, but no differences 
are found in the other groups (experiment 1). In experiment 2 in the runway the relation between 
the points of conflict and the speed of conflict resolution seem to fit better than in the Skinnerbox 
experiment. The third experiment in this chapter concerns the polarity of the approach-avoidance 
conflict model of Miller. Miller defines his model unipolar, i.e. only in relation to the goal. 
Subjects without a homebase are slower in reaching the goal (slower speed) than subjects with a 
homebase during the conflict test (experiment 3). The results emphasize the importance of a 
homebase in a conflict situation. It is stressed that in experimental and natural situations always a 
double approach-avoidance conflict is present, one with respect to the goal and one with respect 
to the homebase. Oscillations around the point of conflict are important in Miller's conflict 
model. Large oscillations in the behavior of the animal in conflict may be functionally important 
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since the exposure time and proximity of the aversive stimulus are then at least partly controlled 
by the rat. According to Miller's model animals become fixated in the runway or Skinnerbox at 
the point of conflict. The oscillatory part of behavior is necessary to overcome the point of 
conflict. 
Chapter IV examines the impact of small oscillations in behavior on the speed of conflict 
resolution by manipulating the rearing conditions of the animals. Social isolation results in a 
considerable increase of approach-avoidance oscillations in a social conflict (Peys, 1977). In a 
social (sexual) and nonsocial (feeding) context, predictions about the speed of conflict resolution 
are verified. Animals reared in social isolation are called iso-reared animals, while animals, 
reared two at a cage during ontogeny, are called socio-reared. 
The socio-reared animals solve the conflict more rapidly than iso-reared animals which 
confirms the hypothesis that more oscillations are associated with slower conflict resolution. 
Comparison between the sexes shows, however, the reversed relation; males show more 
oscillations and a faster speed of conflict resolution than females (experiment 4). 
In the introduction of experiment 5 the subject 'sex as a reinforcer' for male and female rats is 
discussed and the effects of social isolation on sexual behavior of both sexes are presented. 
Experiment 5 has the same design as experiment 4, but the reinforcer of approach behavior is not 
food for the hungry animal, but a stimulus animal at the goal. No differences between the socio-
and iso-reared males are found in this experiment. In experiment 6 the design and procedure are 
improved based on findings in the previous experiment. Results of experiment 6 reveal that 
social isolation has a significant influence on the sexual behavior of female rats. The effects on 
female sexual behavior have not been reported so far in literature. In iso-reared animals an 
increase in oscillations and a decrease in mount/intromissions are found. The rearing condition of 
the partner plays a significant role in de conflict tests. The speed of conflict resolution in females 
is faster when they run to an iso-reared male than to a socio-reared male, suggesting that the male 
was rather a social reinforcer than a sexual reinforcer. Socio-reared animals are faster in reaching 
the goal than iso-reared subjects. More small oscillations are associated with a slow speed of 
conflict resolution in a non-social as well as in a social context. 
Chapter V deals with the question, whether the speed of conflict resolution can be related to 
or maybe even predicted from approach and avoidance measurements separately. For making 
comparisons in approach behavior, avoidance behavior and conflict resolution between groups 
different genotypes are chosen as groups. 
In a number of experiments different strains are compared concerning approach, avoidance 
and conflict resolution (Wistar vs Brown Norway, exp. 7; Wistar vs Wistar Kyoto, exp. 8; 
Wistar Kyoto vs SHR, exp. 9; Tryon Maze Bright vs Tryon Maze Dull, exp 10, 11; Roman 
High Avoidance vs Roman Low Avoidance, exp. 12). Differences in approach are measured in 
approach learning in Skinnerbox or runway, as are differences in passive avoidance during the 
first recovery trial from shock, and eventually the speed of conflict resolution in the conflict test. 
Furthermore, differences in active avoidance are measured in a shuttlebox. In pairwise 
comparisons, and using Miller's summation-postulate, the predictability of the speed of conflict 
resolution on the basis of approach and passive as well as active avoidance differences is 
estimated. The speed of conflict resolution can be predicted in only two of five comparisons. 
The integration of approach and avoidance, measured as the speed of conflict resolution, 
shows group differences. It is, however, not possible to predict the speed of conflict resolution 
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on a basis of approach behavior or avoidance behavior separately. The resolution of intra-
individual conflicts deserves to be measured as a unique variable, because it must be linked to 
survival related behavior and is therefore a biologically relevant variable. 
Chapter VI gives a description of a new way of handling and interpreting open-field data. 
The open-field is interpreted as an approach-avoidance conflict test rather than an 'emotionality' 
test. In literature the biphasic interpretation of open-field behavior in terms of approach and 
avoidance tendencies is sometimes found. However, the proof of a relation with an approach-
avoidance conflict is never given. In a pilotexperiment the Skinnerbox conflict test is preceded by 
a pretest in the open-field to investigate whether conflict behavior in the Skinnerbox can be 
predicted from this test. Correlation between the difference in activity between the two open-field 
test days (AOF) appears to be related to the speed of conflict resolution. The AOF-hypothesis 
states that there is a positive relationship between the difference in locomotor activity between test 
day 2 and day 1 (measured in the open-field test) and the speed of conflict resolution (measured 
as the inverse goal latency in the conditioned punishment test). 
A factor analysis of the open-field crossings of four subsequent test days is made in order to 
determine underlying factors in open-field crossings along the side, in the comer and in the 
center of a square open-field test apparatus (experiment 13). Essentially three factors determine 
the open-field activity. The locomotor activity on day 1 along the sides and in the comers is the 
first factor, which is called 'escape' factor. The second factor consists of the locomotor activity 
of the subject along the sides and in the comers on the second and following days, and is called 
'hide' factor. The penetration into the inner squares of the open-field all load significantly on the 
third factor, which is called the 'seek' factor. It is concluded that two days of open-field testing 
are enough to measure the important activity factors. The Awall (difference between the side 
plus comer crossings on both test days) and AOF (open-field delta: difference between the total 
number of line crossings on both test days (AOF=day 2 - day 1 activity)) are measures for the 
change in activity from day 1 into day 2 (from the factor 'escape' into 'hide'). 
In six experiments it is investigated whether differences in AOF and a number of other open-
field measures predict the speed of conflict resolution. Social isolation and genetic differences are 
used as the source of experimental variation. The group differences in speed of conflict 
resolution that have been found in chapter IV and V are used to verify the relations with the open-
field variables. No effect of the open-field pretest is found on the speed of conflict resolution 
measured in the Skinnerbox (experiment 10). On the other hand it appears that the open-field 
performance of the TMD rats is influenced by preceding experiences in the Skinnerbox conflict 
test. The test sequence of open-field test followed by the Skinnerbox test is the preferable one. 
Only experiments in which the open-field test preceded the conflict test are used in the 
comparison. 
Group differences in AOF are more predictable concerning the speed of conflict resolution in 
Skinnerbox or runway than group differences in other variables. There exist, however, many 
objections against the use of test comparisons on the basis of group mean scores. Therefore, a 
meta-analysis is made to summarize the results of the different studies on an individual basis. 
The best measure for prediction of the speed of conflict resolution again appears to be AOF. 
This means that the open-field test is not only an emotionality test, but also an approach-
avoidance conflict test, in which the speed of conflict resolution - as familiarization with the new 
environment during the two test days - is measured as an characteristic of the individual, 
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determined by its genotype and phenotype. The AOF-hypothesis seems to be practical and AOF 
is validated as a conflict parameter and can be used as a tool for investigating quickly differences 
in the speed of conflict resolution in rats. 
In the discussion some speculation is presented about the meaning of the three factors 
determining locomotor activity in the open-field. It is suggested that the factor 'escape' is maybe 
related to the activities to avoid the conflict situation as such and that the 'seek' and 'hide' 
activities are related to constitutive components of the approach-avoidance conflict as induced by 
the conditioned punishment paradigm. Combining the interpretation of the three open-field 
factors and the relation of AOF with the speed of conflict resolution leads to the following 
interpretation. An animal that has a low activity to 'escape' the conflict and a high 'hide' activity 
is readily involved in the conflict, has a positive AOF (increase in locomotor activity during the 
two test days) and is a fast conflict resolver. Although the reasoning is very speculative it can be 
an aid in understanding the possible rationale of the AOF in relation to conflict resolution. 
In Chapter VII a number of characteristics of AOF are investigated. One of the possible 
interpretations of open-field behavior in an ethological sense is to interpret approach tendencies in 
the open-field as seeking for cagemates and avoidance tendencies as experimenter avoidance. 
Based on the model of Suarez and Gallup (1981) a number of predictions concerning open-field 
behavior are investigated, with special emphasis on AOF and the ethological approach. 
The experimenter avoidance tendencies in the animal are diminished by handling the animal 
during ontogeny. Lowering the avoidance tendencies should lower the day 1 activity in the open-
field. However, an increase of locomotor activity on the second day is found after handling the 
animals as an indication of increased explorative tendencies (experiment 15). The experimenter as 
a predator and the rat evading the predator seems as assumption concerning open-field behavior 
of rats of rather questionable nature, because handling seems to increase explorative tendencies 
on the second day rather than diminish escape tendencies on the first day. The social seeking 
tendencies are lowered by exposure in pairs to the open-field. Socially testing the animals in the 
open-field as a means to reduce the social seeking tendencies produces results that are 
contradictory to the model of Suarez and Gallup and the AOF-hypothesis (experiment 16). 
Although an ethological interpretation of open-field behavior is attractive, the model of Suarez 
and Gallup gives no explanations of the basic motivations underlying open-field behavior. The 
AOF-hypothesis seems to be more practical and AOF is validated as a conflict parameter. 
In all phases of most experiments ultrasonic vocalizations of the rats are recorded. It is found 
that the total duration of 22 kHz ultrasonic vocalizations in the shock and the first conflict session 
is positively related to the latency to reach the goal (experiment 17). Furthermore, it is found that 
there exists one factor on which AOF, the goal latency in the Skinnerbox, high ultrasound on 
the first open-field test day and low ultrasound in all phases of the conflict have significant 
loadings; a 'conflict resolution' factor. 
The last experiment concerns the question whether the AOF can be changed acutely by 
means of anti-anxiety agents. The expectation was that anxiolytics increase the AOF. However, 
in strains that already have a high AOF other effects may be found. Ultrasound, as well as AOF, 
can be used as a predictor for the speed of conflict resolution. However, there are sex differences 
and unknown factors determining the occurrence of 22 kHz ultrasound produced by rats. There 
is, therefore, a risk in using this behavior as a tool for research in anxiolytics, because maybe 
199 
APPROACH-AVOIDANCE CONFLICT AND SPEED OF CONFLICT RESOLUTION 
specific selection of experimental subjects occurs that influences the generality of the 
conclusions. 
The final experiment (18) deals with the question whether AOF can be changed by anti-
anxiety agents, such as benzodiazepines. It was expected that AOF would be raised by 
administration of diazepam. AOF in the Roman High Avoidance males is increased after 
treatment with the anti-anxiety agent diazepam (slow conflict resolvers in the Skinnerbox, 
experiment 12). No effect or even a decrease of AOF is found in the Roman Low Avoidance 
rats. The results concerning the RHA males are in agreement with the AOF-hypothesis. Among 
the other groups the effect is unpredictable. The anticonflict effect of diazepam appears to be 
dependent on genetic factors. These results parallel those in humans in which it is found that 
diazepam has its anxiolytic efficacy only in anxious people. AOF is a promising conflict 
parameter that is easily measured in the open-field. It can be used as a screening parameters in 
many research settings. 
GENERAL DISCUSSION 
The speed of conflict resolution appears to be an important variable in approach-
avoidance conflicts. Environmental and genetic determinants can be found that have a strong 
effect on the speed of conflict resolution. To study these determinants the open-field test offers a 
short and discriminating test to verify quickly hypotheses concerning the speed of conflict 
resolution (by way of the conflict parameter AOF). The speed of conflict resolution is 
investigated in relation to Miller's conflict model in chapter III (basic causal factors and large 
oscillations), chapter IV (social isolation and small oscillations) and chapter V (prediction on 
basis of group mean scores of approach and avoidance). These subjects are discussed 
extensively in the chapter discussions. However, the following subjects deserve again special 
attention: 
- Oscillation and speed of conflict resolution. 
- Experience and speed on conflict resolution. 
- Ecology and speed of conflict resolution. 
- Sex differences in speed of conflict resolution. 
- Interrelations between the different tests. 
- Special techniques. 
OSCILLATIONS AND SPEED OF CONFLICT RESOLUTION 
The fact that the number of oscillations during conflict resolution is associated with the speed 
of conflict resolution is important for behavioral motivational models. In an approach-avoidance 
conflict model (see chapter I and III) a mechanism must work that is able to avoid long lasting 
oscillations between behaviors when the tendencies for those behaviors are equally strong. For 
instance, persistence in behavior or a 'locking on' mechanism (Wiepkema, 1971) have to be 
incorporated in the motivational model. On the other hand it is important for the animal to show 
at least a number of behavioral oscillations to overcome persistent avoidance behavior and to 
enable the animal to resume approach behavior in the long run. Thus, oscillatory behavior must 
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be balanced in the animal. Too few behavioral oscillations lead to rigidity in behavior and 
eventually inadequate conflict resolution. Too many oscillations are time consuming in the 
decision-making process and lead to slow speeds of conflict resolution which could affect the 
survival of the subject in a negative way. An intermediate number of oscillations seems optimal 
for survival. 
Dawkins and Dawkins (1973) define a decision as an event that leads to a sudden decrease in 
the uncertainty of future behavior. They describe the 'decisive' subject as a subject in which 
behavior is predictable, mingled with short periods of decision-making (uncertainty). An 
'indecisive' subject spends all his time in an intermediate state of predictability. The labels 
'decisive' and 'indecisive' give a more qualitative aspect to conflict resolution than the label 'fast' 
or 'slow' conflict resolver. Although the outcome and the speed are the important issues in this 
thesis, the question can be asked whether a fast conflict resolver is 'decisive' and a slow conflict 
resolver is 'indecisive'. 
Large oscillations as described in chapter II are a normal integrated part and a result of the 
process of conflict resolution, and simply negatively correlated with the speed of conflict 
resolution. More large oscillations during the process of conflict resolution are related to a long 
goal latency and slow conflict resolution. A 'decisive' subject shows large oscillations; the fewer 
large oscillations, the more 'decisive', the faster the speed of conflict resolution. 
Small oscillations are not a result of the process of conflict resolution, but a result of the 
underlying incompatible tendencies in the subject that does not show one behavior persistently, 
but two behaviors in rapid succession. Many small oscillations, as caused for instance by social 
isolation of the subject during ontogeny, decelerate the process of conflict resolution (chapter 
IV). An 'indecisive' subject shows many small oscillations; the more small oscillations, the more 
'indecisive', the slower the speed of conflict resolution. 
The most likely relations are that 'decisive' subjects show large oscillations, and that 
'indecisive' subjects show small oscillations. There is, however, not necessarily a direct relation 
between decisiveness and the speed of conflict resolution. For instance, an animal that during 
long periods remains in the homebase, then approaches the conflict point after which it retreats 
again to the homebase shows predictable behavior without small oscillations and can, therefore, 
be a slow 'decisive' conflict resolver. The animal, however, seems to avoid the conflict during 
long periods. 
EXPERIENCE AND SPEED OF CONFLICT RESOLUTION 
Genetic factors predispose an animal concerning its speed of conflict resolution (chapter V) 
and its AOF (open-field delta; chapter VI). On the basis of these genetic factors, environmental 
influence is of crucial importance too. Social isolation diminishes the speed of conflict resolution 
as measured in the runway. If in particular AOF is considered, the following effects of 
experience are found. Social isolation decreases the AOF (experiment 4 and 6), handling 
increases AOF (experiment 15), the presence of a social partner increases the AOF (experiment 
16), the conflict test experience increases AOF in rats that have a negative AOF (experiment 
10), diazepam increases the AOF in rats that have a negative AOF (experiment 18). In case AOF 
is negative, it can be raised by social stimulation during ontogeny (handling, social rearing) or at 
later age by socially testing the animal or presenting experience to the animal in a behavioral test. 
Furthermore, it can be raised acutely by administration of diazepam, but only in the animals with 
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strong negative AOF. In most cases this is the group of males. Social isolation, handling and 
diazepam all have a stronger effect in males than in females. 
ECOLOGICAL INTERPRETATION OF CONFLICT RESOLUTION 
The proximate factors that determine the speed of conflict resolution are extensively shown in 
this thesis. Shock strength, amount of food deprivation, place of aversive experience, cues from 
the goal (from a stimulus female) and the presence of a homebase determine the eventual speed of 
conflict resolution. Genetic factors also play a significant role in determining the speed of conflict 
resolution. During the ontogeny of the animal, developmental changes induced by social isolation 
or handling the animal have also a significant influence on the speed of conflict resolution. 
The functional question is, however, not yet been answered in this thesis. Is fast conflict 
resolution an advantage or a disadvantage? In this thesis the terms fast conflict resolution and 
slow conflict resolution are used. Never is asked what that means exactly. Is fast conflict 
resolution a good property of the rat or is slow conflict resolution better for survival? In the 
example of McFarland, presented in the introduction the question was asked: 'At what point 
should the gull desert the nest?'. It was stated that the bird must have motivational mechanisms 
which control behavioral switches, that are the consequence of such biological important 
decisions between leaving the nest or staying in it. In the end the bird will of course leave the 
nest as a direct result of increasing hunger - as the proximate motivational mechanism - or as a 
result of anticipation of increased survival risk by staying - as a behavioral strategy. The 
hypothesis of Collier and Rovée-Collier (1983) is that 'initiation and termination of a given 
activity reflects a strategy, evolved by each species in a given ecological niche, for optimally 
allocating time and energy among various survival related activities that insure fitness'. Their 
view represents the importance of the functional question, even in the psychological laboratory. 
Not only the immediate causation of behavior or developmental parameters, but also functional 
and evolutionary considerations are important for understanding behavior. For instance 22 kHz 
ultrasound is produced by rats in noxious situations (fore instance after shock) or during social 
withdrawal (submission after fight, postejaculatory interval). There is a strong sex difference 
concerning the production of this ultrasound. However, the use of ultrasound as a method for 
screening anxiolytic agents (Gardner, 1985a, 1985b, Tonoue et al., 1986, Insel et al., 1986) is 
rather risky, because it is not yet clear what the function of ultrasound exactly is in the life of the 
rat. 
Speed of conflict resolution and the nature of the resolution itself are important, they are 
biologically relevant variables because they are related to fitness. Making the right decision in the 
right time could mean survival or dying. Speculation about the importance of the speed of 
conflict resolution on the basis of Skinnerbox or runway results is rather difficult because no 
studies are done with wild rats concerning conflict resolution. For instance, it is difficult to 
interpret the behavior of the Brown Norway inbred rat. This genotype is a fast conflict resolver, 
that shows severe 'emotional' reactions in the conflict, but takes high risks by continuation of 
approach behavior towards the goal where other strains withdraw to the safe homebase. Have 
these BN rats been extremely hungry or do they have genetic factors that favor a strategy of risk 
taking? Selection for maze learning in the Tryon strains and selection for shuttlebox performance 
in the Roman strains has also affected the speed of conflict resolution in these strains. It is 
therefore a characteristic of the strain that can change under the pressure of laboratory and natural 
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selection. An example is the conflict between searching for food and the exposing to the risk of 
prédation outside the burrow. Fast conflict resolution and taking many risks in food searching 
behavior is a strategy that favors survival in situations with high population density. In 
oystercatchers (Haematopus ostralegus) high population densities favor competition and thus 
mutual interference which reduces the intake per unit time (Sutherland and Koene, 1982). Exact 
timing, i.e. making the right decision in the right time to go searching for food is necessary too 
when competition is strong (timing of foraging flights in oystercatchers, Daan and Koene, 
1981). Therefore, competition within the population results in a high approach tendency to food 
and large numbers of animals diminish the individual prédation risk. On the other hand in a 
situation with a low population density and enough food (it is not a limiting factor), the 
individual risk of prédation becomes higher. In that situation slow conflict resolution favors 
survival. Thinking in strategies and not only the immediate causation reveals more about the 
function of behavior and thus the laws that govern the behavior (Bolles, 1970). A general 
conclusion may be that the optimal speed of conflict resolution is dependent on the ecological 
niche the individual, the strain or the species develops and lives in, high population densities will 
favor fast conflict resolution, low population density slow conflict resolution. 
SEX DIFFERENCES AND SPEED OF CONFLICT RESOLUTION 
In a number of experiments the males were faster in conflict resolution in the conditioned 
punishment paradigm (experiment 4 and 6, second starters), in a number of experiments no sex 
differences were found (experiment 1, 3, 7, 8, 9) and in a number of experiments the females 
were faster in conflict resolution than males (experiment 12 and 6, first starters). It is not likely 
that sex differences in approach (food) motivation underlie sex differences in appetitively 
motivated tasks (Van Hest et al., 1988). In the experiments presented in this thesis sex 
differences were not found in approach training, except in experiment 6, where female rats were 
faster in running to a male partner than males running to a female partner. However, females 
were brought artificially in estrus and were thus 'primed'. On the whole, sex differences in the 
speed of conflict resolution in the conditioned punishment paradigm are not consistent. 
Three types of behavior seemed to be related to the speed of conflict resolution, locomotor 
activity measured in a new environment that becomes familiar in the course of time (open-field), 
locomotor activity in a two-way active avoidance situation (the shuttlebox), and the amount of 
low (22 kHz) ultrasonic vocalizations of the animals. Maybe the ΔΟΡ (open-field), the intertrial 
crossings (shuttlebox) or ultrasound (Skinnerbox), as conflict parameters, reveal more about 
possible sex differences concerning the speed of conflict resolution. 
Sex differences in the open-field are consistently found. Males show more defecations than 
females and females ambulate more than males (Archer, 1975). The presence of testosterone in 
neonatal life plays a role in the masculinisation - more defecations, less activity - of open-field 
behavior (Blizard et al., 1975). In the experiments presented in this thesis also many sex 
differences in open-field activity and defecations are found. However, the conflict parameter 
(AOF) shows sex differences that do not parallel the sex differences in locomotor activity. Sex 
differences mediate the effects of handling, diazepam treatment and social isolation on ΔΟΡ. The 
effects of the different manipulations were larger in males than in females. 
In literature concerning active-avoidance behavior in the shuttlebox it is found that females 
acquire the avoidance response more rapidly than males (see Archer, 1975). This difference is 
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dependent on hormonal differences in particular on testosterone (Beatty and Beatty, 1970). Sex 
differences in the shuttlebox experiments presented in this thesis are found. Females show more 
escape and less sit responses. No sex differences were found in avoidance responses and 
intertrial crossings. 
Low (22 kHz) ultrasound, produced as a reaction to shock or to the conditioned aversive 
stimulus, was positively related to slow conflict resolution. However, it was almost exclusively 
found in males. Sex differences in ultrasound production are related to hormonal differences 
(Floody, 1981) in rats (Geyer et al, 1978), hamsters (Floody et al., 1979) and mice (Nunez and 
Tan, 1984). Castrated rats that continue to ejaculate during the three weeks following castration 
showed delayed, but significant, decreases in durations of 22 kHz vocalizations, suggesting that 
these calls are also dependent on androgen (Parrott, 1976). Large doses of estrogen inhibit 22 
kHz postejaculatory vocalizations by androgen-treated male rats (Parrott and Barfield, 1975). 
The 'postejaculatory' ultrasounds by female rats are facilitated by testosterone, but not by 
estrogen (Barfield and Krieger, 1977). 22 KHz ultrasounds are affected in opposite ways by 
androgens and estrogens, androgens causing an increase and estrogens causing a decrease in 22 
kHz ultrasonic callings in rats. The fact that females make less 22 kHz ultrasounds than males 
and are not always the faster conflict resolvers limits the use of the 22 kHz ultrasound as 
predictor of the speed of conflict resolution. Only in homogeneous - preferably male - groups 
ultrasound can be used on an individual basis as a good predictor for the speed of conflict 
resolution. 
Open-field behavior, avoidance behavior in the shuttlebox and the production of ultrasonic 
vocalizations are related to the speed of conflict resolution measured in the conditioned 
punishment paradigm. Although significant sex differences are consistently found in open-field 
behavior, avoidance behavior in the shuttlebox and the production of ultrasonic vocalizations, 
they are not consistently found in the parameters that are related to the speed of conflict 
resolution. A possible explanation is already given in the discussion of Miller's conflict model. 
In conflict resolution active as well as passive avoidance play an important role. Male rats show 
more passive avoidance behavior in a number of situations than females, for instance less 
locomotor activity in the open-field (chapter VI), less escapes and more sits in the shuttlebox 
(chapter V), more avoidance in the passive avoidance box (Van Haaren and Van de Poll, 1984) 
and more freezing associated with low ultrasound (chapter Π and VII). So although there are sex 
differences in passive as well asas well as active avoidance behavior, no sex differences in speed 
of conflict resolution are found when both types of avoidance play an integrated role. 
INTERRELATIONS BETWEEN DIFFERENT T E S T S 
The relation between the speed of conflict resolution, measured according to the conditioned 
punishment paradigm and behavior in an open-field (AOF) is investigated. The open-field test 
appeared to be a valuable pretest, in which the speed of conflict resolution in the conditioned 
punishment paradigm could be predicted. Measurement of the speed of conflict resolution in the 
Skinnerbox is not influenced by the open-field test. However, the behavior in the open-field is 
markedly influenced by the conflict test in the Skinnerbox. This finding holds especially for the 
rats with a negative AOF (the TMD rats). Thus the open-field test is only reliable when it 
precedes other tests. 
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The shuttlebox data are more difficult to interpret in relation with conflict resolution. 
Differences in the speed of conflict resolution are not related to group differences in active-
avoidance behavior in the shuttlebox. In two experiments individual correlations between active-
avoidance behavior and conflict variables are investigated. The number of intertrial crossings in 
the shuttlebox are significantly negatively correlated with the goal latency in the Skinnerbox 
conflict test, irrespective whether the shuttlebox test preceded or followed the conflict test. The 
speed of conflict resolution was thus related to locomotor activity in the active-avoidance 
situation in the shuttlebox. This result points to the fact that merely the activity that remains 
present in a context of noxious stimulation is related to the speed of conflict resolution. In the 
shuttlebox the RLA rats that had experience in the Skinnerbox performed better than 
experimentally naive RLA rats and showed less sitting responses. They showed more intertrial 
crossings, which are positively related to the speed of conflict resolution. The effect of the test 
experience in the RHA rats was, on the contrary, a decrease in intertrial crossings with respect to 
experimentally naive RHA rats. The increase in activity in the shuttlebox due to experience in 
RLA rats and the decrease in RHA rats parallel the increase in activity in the open-field test in 
RLA rats and the decrease in activity in RHA rats (in particular males). The results show some 
resemblance with the open-field situation, in which also the locomotor activity in the new 
environment appears to be related to the speed of conflict resolution. 
SPECIAL T E C H N I Q U E S 
Stepdown analysis was used to control the final conflict analysis for possible and, sometimes, 
purposive baseline differences. It showed in an adequate way the influence of the different 
substages in experimentation and analysis on the final differences in speed of conflict resolution. 
Survival analysis showed the number of rats that were still in conflict during the course of the 
conditioned punishment sessions. It appeared to be highly illustrative for the process of conflict 
resolution and is accompanied by statistical tools, that, however, could not control for baseline 
differences. Matching of the experimental groups is thus prescribed in using this technique. 
The use of fixed dyads in experiments concerning sexual behavior of rats is highly 
recommended, because the interaction of the male-female pair is affected by factors, which are 
not found by changing the stimulus animal. The effect of social isolation on the sexual behavior 
of the female rat was revealed in this way. Stepdown analysis was again a necessary tool in the 
final analysis of the speed of conflict resolution of the animals in the fixed dyads in experiment 6. 
Social isolation had a significant effect on the interaction of male and female rat in sexual 
behavior measured in the open-field. This was already revealed by the correlation between the 
normalized transmissions of males and female using the Johnson Neyman technique. The 
relations between male and female found in the different dyads showed different slopes. The 
method of using adjusted residuals in matched dyads is new and only applicable in an 
experimental set-up in the laboratory. However, the assumption underlying the method is simple 
and straightforward and the results produce an adequate description of deviant behavior 
sequences, contrary to other methods or descriptions. 
In an number of studies the aggregation of open-field measures - as ambulation - over days is 
propagated (Tachibana, 1985a; Ossenkopp and Mazmanian, 1985). The finding that the change 
in locomotor activity in the open-field on the first two test days relates strongly to the speed of 
conflict resolution gives a strong argument against the aggregation of open-field data over days. 
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A meta-analysis was performed in chapter VI. The problem was to review and integrate a 
number of experiments, which were different in some ways, but had an open-field pretest and 
the determination of the speed of conflict resolution in common. Up to now meta-analysis is used 
to review research in an area originating from different authors. In this thesis the method was 
applied to six studies of only one author. One of the drawbacks may be that the same mistake in 
experimentation or interpretation is repeatedly present in the data. Therefore, data are given in 
detail that allow anyone to make the analysis. 
CONCLUSION: SPEED OF CONFLICT RESOLUTION 
At the end of this study a speculative conclusion is presented that tries to generalize the 
findings of this study to a more abstract level that transcends the specific species under study. 
Approach-avoidance conflicts are a part of everyday life in animals as well as in man. In 
particular, incompatible tendencies with respect to one goal can lead to extensive vacillation, 
oscillation, wavering and dithering in mind and/or behavior. These phenomena are time-
consuming and may inhibit an efficient performance and the normal course of a behavior 
sequence from appetitive behavior to the consummatory act. Decision-making is necessary to 
solve intra-individual conflicts between incompatible tendencies in order to prevent that conflicts 
will start to dominate the behavior in everyday life and the individual becomes a perpetual 
vacillator or oscillator. 
Decision-making in 'decisive' individuals is predictable and in most cases it is done quickly. 
Before the decision is made, only short periods of indecisiveness are present in the behavior 
sequence of the 'decisive' individual (few small oscillations and often fast conflict resolution). 
Decision-making in 'indecisive' individuals is elusive and can last a long time (many small 
oscillations and slow conflict resolution). A long period of indecisiveness without a predictable 
outcome is characteristic of this process. 
The speed of conflict resolution in a standard conflict is an important characteristic of an 
individual and is based on genetic as well as ontogenetic factors. The genetic basis is illustrated 
by the finding that individuals with different genotypes can often be divided in fast and slow 
conflict resolvers. An important ontogenetic factor is the social rearing condition: social isolation 
of the individual during ontogeny leads to extensive oscillations in behavior and a slow and 
elusive process of conflict resolution in comparison with socially raised individuals. Social 
isolation results in 'indecisive' individuals. 
The genetic and ontogenetic factors provide the background against which the environmental 
information - the proximate factors - concerning the conflict situation has its effect and 
determines the eventual behavior. The presence of a homebase accelerates the process of conflict 
resolution. The knowledge that consummation may take place when the goal is reached is another 
factor that accelerates the process of conflict resolution. Cueing appears to be an important 
element in fast conflict resolution. So when the individual is 'decisive' and uses cues that it 
learned in earlier stages of the decision process, this will keep it from oscillating and ameliorates 
the speed of conflict resolution. 
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APPENDIX 
APPENDIX 1. SHOCK STRENGTH AND SPEED OF CONFLICT RESOLUTION 
INTRODUCTION. In nmway expcnments increasing shock intensity made rats stop further from the goal 
(Kaufman and Miller, 1949). In the conditioned punishment paradigm different shock intensities can be paired with 
the conditioned aversive stimulus. In this experiment the approach component was fixed (i.e. raus were food 
deprived), but four different shock intensities were used to vary the avoidance component. 
SUBJECTS. Ss were 24 naive, male Wislar rats (Wu(SPF63Cpb)) from TNO (Zeist, the Netherlands). At the 
beginning of the experiment they weighed 229-284 gms (at an age of three months). Ss were housed separately on 
a reversed day/night cycle with lights off at 8 00 a m and on at 8 00 ρ m. Testing occurred between 14 00 and 
18 00 hrs. The rats were food deprived at 90% of their predepnvauon free feeding body weight and had free access to 
water. 
APPARATUS. The apparatus were the open-field and Skmncrbox configuration, described in chapter Π In one 
Skmnerbox an ultrasonic microphone was placed and the signal was analyzed with the rat detector of Pye and Flinn 
(1964). The microphone was placed beneath the gnd floor and ultrasonic pulses between 20 and 40 kHz have been 
recorded on the audiochanncl of a videorecorder (after frequency dividing). 
PROCEDURE. The procedure was as described in chapter II. Four groups of male rats were matched according 
to their behavior in baseline approach sessions. In two 10 minute sessions the animals of the four groups were 
presented 4 tone-shock pairings, the eight shocks were of an intensity of 0 S mA, 1 0 m A, 1.5 m A and 2 0 m A 
for the groups respectively. The shocks were given after the first, third, sixth and seventh minute of a session 
After the aversive training 4 additional recovery sessions were given to all rats. Ss that did not attain the cntcnon 
of 10 reinforcements within the first 5 minutes of a session, were trained separately for maximally three days, 
before they were considered to be recovered from shock Conditioned punishment sessions lasted IS minutes. 
RESULTS. In baseline approach no significant differences existed between the four groups (table 2 1 and fig. 
2.S). In the first recovery session after the aversive training significant differences occurred between the groups 
Duncan post-hoc comparisons revealed that 0 50 mA group was significantly faster in attaining the cntenon of 10 
food pellets in the first 5 minutes of the session compared with the 2 00 mA group. After recovery training the 
differences between the groups were eliminated During all 8 conditioned punishment test sessions 7 subjects failed 
to obtain 10 food pellets. However, all animals showed an increase in leverhold duration in the course of the 
conflict, supporting the idea that eventually all animals could resolve this conflict The effect of the presentation 
of the CS in the conflict test is apparent in a significant shock effect (F=7 80, p=0 001). The effect remains 
significant in the stepdown analysis and thus cannot be explained by baseline differences Duncan post-hoc 
compansons revealed that the shock effect was especially attributable to the 0 50 mA group, which attained the 
cntenon of 10 food pellets faster than the 1.00,1.50 and 2 00 m A groups respectively. Stepdown analysis of the 
first recovery data showed a nonsignificant Fstcp. indicating that the effect of the shock session on the Performance 
in the first recovery was comparable in the groups with the effect of the CS-presentation in the conditioned 
punishment test sessions. No significant simple correlations between locomotor acuvity in the open-field and the 
speed of conflict resolution were found. However, the partial correlation of the total number of crossings on day 1 
(controlling for shock intensity and the day 2 activity) with the speed of conflict resolution is - 55 (p<0 01). For 
the partial correlation of the day 2 acuvity (controlling for the shock intensity and the day 1 activity) is 0.50 
(p<0.01). Relatively high activity on the first day in the open-field is related with slow conflict resolution, 
relatively high activity on day 2 is related to fast conflict resolution Analysis of covanance revealed that the 
difference in number of crossings between day 2 and day 1 of open-field testing (called 'DELTA' and wnttcn as 
AOF=the open-field DELTA) was significantly related to the speed of conflict resolution (T=-2 83, p=0 011) 
DISCUSSION. The conclusion concerning the effective shock intensity of this Skmnerbox expenment was 
thai 1.0 mA shock paired with the stimulus was enough to effectively interrupt the approach behavior of the 
subjects The difference in locomotor activity between the two open-field test days appeared to be related to the 
speed of conflict resolution. 
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APPENDIX 2. CS-PRESENTATION IN THE FIRST OR THE FIFTH TRIAL OF A SESSION 
INTRODUCTION. In approach training animals are generally slower in reaching the goal in the first tnal than 
on subsequent tnals (Warm-up effect. Spear, 1978, pruning Gray, 1975) Miller (with Coons and Faust, cited in 
Miller, 1961) reported that faster approach occurred on the tnal immediately after a single traumatic shock as 
compared to slower approach 24 hours later Miller supposed that differences in the sequence of the stimulus 
conditions were responsible for the effect The shock tnal and the test tnal 24 hours later were both the fust tnal 
of a day, whereas the test tnal immediately after the shock tnal was the second tnal of a day It is possible that 
presenting the aversive CS dunng the first tnal results in a stronger delay than presentation in later tnals 
Therefore, it is important ю know whether conflict testing could be done best m the first tnal of a day or dunng 
one of subsequent tnals The first and the fifth tnal of a senes of ten tnals were chosen as the tnals for CS-
presentation dunng conditioned punishment testing 
SUBJECTS. The subjects were 8 male and 8 female Wistar rats (Wu(SPF Cpb) purchased from TNO (Zeist, 
the Netherlands) The males weighed between 250 and 343 gms (110 days of age) females weighed 189-237 gms at 
the beginning of the expenment (125 days of age) They were separated before the expenment and housed alone 
They were maintained on 90% of their predepnvauon free feeding weight throughout the expenment The rats were 
kept in a stockroom adjacent to the expérimental room on a 12 hr light/dark cycle with lights off at 8 00 a m and 
on at 8 00 ρ m All training and tesung took place during the dark penod, with the experimental room being 
illuminated by a dim red light 
APPARATUS. The runway I configuration 
PROCEDURE. Pretrainmg consisted of three days of magazine training, followed by 5 days of approach 
training On the first day five approach tnals were given, on the four following days the training consisted of 10 
trials per session The first tnal of the last session was the baseline approach for the Tnal 1 group, the fifth tnal 
the baseline approach for the Trial 5 group Aversive training consisted of one 10 mm session, in which 8 
Pavlovian conditioning trials were given in the runway section next to the goalbox The UCS was a scrambled 
shock of 1 0 mA lasting 0 5 seconds The CS-light was a continuous light lasting 10 seconds The offset of the 
CS was also the offset of the 0 5 second UCS On the three following days recovery training was given and 
consisted of ten tnals per session The baselme recovery was the first tnal of the last session for the Tnal 1 group 
and the fifth tnal for the Tnal 5 group Rats were within the sexes randomly distributed over two conditions the 
ones for which the first mal was a conditioned punishment tnal and the ones that received four extra approach 
tnals preceding their conditioned punishment test tnal Dunng testing the CS-light was on in the second half of 
the runway The latency to reach the goal box was registered in seconds Tesung prolonged for 10 minutes When 
the subject did not reach the goalbox within this limit it was assigned a score of 600 seconds 
RESULTS. No sex main or interaction effects on any of the dependent vanables are found The analysis is 
therefore presented without statistics concerning this factor The baseline approach data for this expenment show a 
difference between the group Tnal 1 and the group Tnal 5 The same finding is true for the basebne recovery data 
The results of the conditioned punishment test show also a significant main effect of the factor Tnal However, in 
the Roy-Bargmann stepdown analysis the difference between the groups disappeared completely, indicating that the 
differences in approach behavior between tnal 1 and tnal 5 - and not the presentation of the CS - account for the 
difference found m the conditioned punishment test (table 2) The effect of shocks on subsequent approach behavior 
in the first recovery session mduced a strong difference between the Tnal 1 and the Tnal 5 group The effect of 
shock on the goal latency in the fifth tnal is negligible, but in the first tnal animals were strongly delayed 
Stepdown analysis shows that this effect is not comparable with the effect of CS-presentation m the conditioned 
punishment test 








N of subjects 
ONE FIVE 
(J Q C? Q 
1 41 1 6 1 78 86 
1 32 1 63 74 92 
2 50 2 38 1 86 2 20 
1 74 1 95 91 82 
4 4 4 4 
TRIAL STEPDOWN 
F Ρ Fs Ρ 
33 97# 000 
IS 91# 002 1 57 236 
5.39· 039 00 975 
96 83# 000 2 2 Í 7 # 001 
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DISCUSSION. Already in approach training a significant difference between the latency to reach the goal in 
the first trial and in the fifth trial is found. In the first tnal subjects are much slower m reaching the goal This 
difference remains in the first recovery, the baseline recovery and the conflict test No differential effect of the CS 
is found during the conflict test During the fifth trial of a session the avoidance gradient seems to be decreased 
with respect to the first tnal. The differences between the groups can be explained by the already existing baseline 
differences. It is possible to interrupt the approach behavior in the same way in the first or the fifth trial of a 
session. 
APPENDIX 3. CONDITIONED STIMULUS IN THE SECOND HALF OF THE RUNWAY 
INTRODUCTION. Originally the runway was chosen as the mam experimental setting for studying approach-
avoidance conflict It was hypothesized that low (22 kHz) ultrasonic vocalizauons are associated with avoidance 
behavior and that high (40-70 kHz) vocalizations are associated with approach behavior. During approach training 
only few vocalizations between 40 and 70 kHz are heard. During aversive training the 22 kHz vocalizations are 
registered only as a reaction to shock, but not m conditioned punishment testing as a reaction to the aversive CS. 
The runway results differ from the results of experiments done m the Skinnerbox, where the long low frequency 
ultrasound (22 kHz) was frequently registered not only in the shock session, but also in the conflict test. An 
explanation of this discrepancy is sought in the following difference between the experiments. In the Skinnerbox 
experimental subjects are on-line shocked, ι e. they are shocked and tested in the same space and have no 
possibility to retreat from the aversive environment. Recovery had to diminish these aversive aspects of the 
environment. However, it is possible that after CS-presentation contingent on the leverholding response these 
aversive aspects reappear and may be a causal factor for ultrasonic vocalizations In the runway the subject can 
retreat in the startbox and the first part of the runway and escape the aversive environment (the second half of the 
runway). The questions investigated are: 
a. Do animals produce 22 kHz vocalizations of long duration when kept in the second half of the runway in the 
shock session and on subsequent trials after presentation of the CS7 
b. Are there differences between the sexes concerning the activity and ultrasound production'' 
SUBJECTS. Ss were 20 males and 20 females Wisiar rats They were kept on a reversed day/night cycle with 
lights off at 8 00 am and on at 8.00 pm. Ss had food and water ad lib. 
APPARATUS. The runway I configuration m the shock position. 
PROCEDURE. All animals were habituated in the runway for one session of 200 seconds. The shock session 
consisted of placing of the subject in the middle of the second half of the runway for 200 seconds During this 
session four light-shock pairings were given. The CS was a flashing light with a penod of 0 4 second and a 
duration of 10 seconds. Shock was 1 0 mA in strength and of 0.5 second duration. The sexes were split in one 
group that received CS-presentations contingent on locomotion and one group that received no CS. Two test 
sessions were given m this way. In a third test all animals received the CS, one group received the CS for the first 
time in this session, making the preceding two sessions comparable to recovery sessions. 
TABLE 1. Procedural scheme of the pilot expenment. The sign indicates the presentation of a 
Condiuoned Stimulus (+) or not (-). 
SEX 
CS in Recovery 
Habitualion 
CS+Shock 
Test 1 CS 
Test 2 CS 



























Comparison with runway 






The following data were analyzed: 
a. activity: number of lightbeam interruptions per 200 seconds. 
b. number of ultrasonic pulses registered on the following frequency ranges: 16.7-23.3, 23.3-30, 30-36.7, 
36.7^3 3, 43.3-50, 50-56.7, 56.7-63.3, 63.3-70 kHz. 
Positions and pulses are lOlog transformed to smooth the distribution for analysis. Croup comparisons are 
made by ANOVA for the positions and had to be nonparametncally for ultrasonic vocalizauons. 
ACTIVITY. In all five sessions a highly significant sex effect is found on the number of lightbeam 
intemipuons; females are more acüve than males. 
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ULTRASONIC VOCALIZATIONS. The factor CS had no significant effect on the number of ultrasonic 
vocalizations in any session. An analysis is made with only the Sex factor in Mann-Whitney comparisons. Sex 
differences in ultrasonic vocalizations are found m all sessions (table 2). In habituation, shock, test 2 and test 3 
females produce more sounds in the range of 43-S7 kHz. In the first test session males produce significant more 
low vocalizations (22 kHz) than females In the habituation and shock session females produce more ultrasound in 
the 57-70 kHz range. In the test 2 and test 3 sessions this difference has disappeared and appears again in the 30-43 
kHz range. 
TABLE 2. Sex differences in ultrasonic vocalizations in the five expcnmenlal sessions. Session differences in 
ultrasonic vocalizations in rats in the four experimental sessions in comparison with the first session 
(habituation). Wilcoxon matched pairs test for 20 males (> more than, < less than) 
Frequency range 







17 - 30 - 43 - 57 
- M<F M<F 
- M<F M<F 
M>F 
- M<F M<F 
- M<F M<F 





17 - 30 - 43 - 57 
» » 
« « « « 
« - < « 
« - « « 
CÍ ULTRASOUND. In the shock session more low ultrasound is produced by the males compared to the 
habituation session (table 2). In the test sessions more ultrasound in the range 17-30 kHz is heard, although from 
a (united number of males. In the test sessions less ultrasound in the range 30-43 and 43-57 kHz is found. 
Q ULTRASOUND. In the shock session also more low frequency ultrasound is made by females compared to 
the habituauon iession (table 2). In the test sessions on the whole (low and high) less ultrasound is produced by 
females. The aversive event has an aftereffect on the vocalizations. Animals are becoming more quiet. 
DISCUSSION. In the runway only few ultrasonic uttenngs arc heard during the conflict lest, while in the 
Skinnerbox not only during the shock session but also during the conditioned punishment test many low 22 kHz 
ultrasounds can be heard. In males 22 kHz ultrasound is recorded in the Test 1 session, comparable to results from 
the Skinnerbox. Therefore restriction to the shock environment during the test without possibilities to escape is 
probably the difference between Skinnerbox and runway behavior with an effect on ultrasound production 
Generally, females produce more high frequency ultrasonic vocalizations m relation to a higher activity The males 
as well as females are more quiet after the aversive experience in the shock session than during habituation m the 
second half of the runway. The aversive event has an aftereffect on the vocalizations. 
APPENDIX 4. RUNWAY BEHAVIOR IN EXPERIMENT 6 
The analysis of the runway-data concerns two groups of 39 animals, the first and the second starters. The 
results will be presented for both groups separately. Furthermore, the mfluence of the first starters on the behavior 
of the second starters will be estimated. 
The following dependent variables were analyzed m the runway performance: 
1. Time spent in startbox. 
2. Latency to reach the second half of the runway (CS-latency m case of conditioned punishment test). 
3 Goal latency (reciprocally related with the speed of conflict resolution) 
4. Time spent in the goalbox. 
5. Oscillations within short distance of the partner and of short duration. 
6. Number of intromissions mount/intromissions in males and lordosis/intromissions in females. 
7. CS-presentations as a covanate for analysis of the behavior of the second starters. 
The data of the first starters are analyzed in a three-way analysis of variance; the second starters are analyzed in a 
three way analysis of covanance with the items of the behavior of the first starter as covanate. 
Three covanates were chosen, relating to three different aspects of the mnway performance: 
1. Tune spent in the goalbox, as a measure of social contact. 
2. The number of intromissions, as a measure of sexual (reinforcing) contact. 





FIRST STARTERS. A strong SEX by PARTNER interaction is found in the urne spent in the goalbox 
(F=9.47, p= 004): males spend more urne in the goalbox with a socio-reared partner, females spend more Urne in 
the goalbox with an iso-reared partner. A SEX by SUBJECT interaction is found concerning the number of 
intromissions (F=4.38, p=.045): socio-reared males attain far more intromissions than iso-reared reared males (4.9 
versus 0.4 intromissions, see fig. 4.13). A PARTNER mam effect is found on üme spent m the startbox (F=6.03, 
p= 020). Less time is spent in the startbox with a socio-reared partner than with an iso-reared reared partner. A 
rearing condition of the SUBJECT effect is found concerning oscillatory behavior towards the stimulus animal 
(F=10.63, p=.003): 11.15 oscillations in socio-reared versus 27.56 oscillations in iso-reared animals (fig. 4.14). 
SEX main effects are found on the following variables on the time to reach the second half of the runway (F=4.23, 
p=.048. females are faster than males), on the urne to reach the goal (F=10.11, p=.003. females are faster than 
males), on the time spend m the goalbox (F= 10.45, p=.003' males spend more time m the goalbox than females). 
INFLUENCE OF THE FIRST STARTERS ON THE SECOND STARTERS. Time spent in the goalbox 
is negatively related to the number of intromissions in the first group ^ =-4.20, p= 0) Certainly for females forced 
intromissions as stimulus animals seem to be aversive and may lead to more conflict and hence less time spent 
with the stimulus animal 
SECOND STARTERS. SEX main effects are found on: Time spent in the goalbox (F=31.21, p= 0). males 
spend much more time m the goalbox with a stimulus female . A rearing condition of the SUBJECT main effect is 
found on the number of oscillations (F=6.19, p=.019). Iso-reared animals show more oscillations than socio-reared 
animals (fig 4.14). 
Averjive training 
During shock sessions no differences between the socio-reared and iso-reared reared animals are found 
concerning the amount of ultrasonic vocalizations. Sex differences were found. Males produced more ultrasonic 
vocalizations in the ranges of 17-30 kHz 22 (kHz) than females (Mann-Whitney U=489 5, p= 007). Females 
produced more ultrasound in the ranges of 50-57 kHz (Mann Whitney U=552.0, p= 037), 57-63 kHz (Mann-
Whitney U=368.0, p=.000) and 63-70 kHz (Mann-Whitney U=494.0, p=.005). 
Recovery training 
FIRST STARTERS: females. Only a rearing condition of the SUBJECT main effect is found on the number 
of intromissions (F=8.53, p=.006). Socio-reared females attain 3 20 intromissions and iso-reared reared females 
0.48 intromissions. 
INFLUENCE OF FIRST STARTERS ON THE SECOND STARTERS. No significant correlations are 
found. 
SECOND STARTERS: males. The number of intromissions was marginally significant influenced by the 
rearing condition of the PARTNER (F=3.59, p=.067) and the SUBJECT (F=4 07, p= 052) Socio-reared males with 
a socio-reared female attained 12.3 intromissions, socio-reared male with iso-rcarcd female 8 6, iso-reared male 
with a socio-reared female 8.4 and iso-reared male with an iso-reared female 3 6 intromissions Furthermore, a 
SUBJECT main effect was found on the tune spent in the startbox (F=7.22, p= 011: socio-reared males spend less 
time in the startbox) and on the number of oscillations (F=7.31, p=.011. socio-reared males show much less 
oscillations than iso-reared males) 
Conditioned punishment first day 
FIRST STARTERS. A significant PARTNER by SEX interaction is found on the latency to reach the second 
half of the runway (CS-latency, F=6.92, p=.013). With a socio-reared sDmulus partner male and female are equally 
fast. Males with an iso-reared stimulus partner are slower than males with a socio-reared partner and females with 
an iso-reared stimulus partner are faster than females with a socio-reared partner. Furthermore, SEX main effects are 
found on the CS-latency (F=5.97, ρ=.020· male are slower than females), on the time spent in startbox (F=9 32, 
p= 005: males spend more time in the startbox) and on the number of oscillations (F=16 35, p= 000 females 
show more oscillations than males). 
INFLUENCE OF THE FIRST STARTERS ON THE SECOND STARTERS. The more CS-presentaüons 
produced by the first started animal, the shorter the goal latency (T=-2.78, p= 010) and the more intromissions 
(T=3.68, ft.001) occur in the group of second starters. 
SECOND STARTERS. A SUBJECT by SEX interaction is found on the following variables: Socio-reared 
males have a shorter CS-latency (F=7.40, p=.011), spend more üme in the goalbox (F=5.55, p=.026) and attain 
more intromissions (F=5.30, p=.029) compared to iso-reared males. No SEX main effects are found. A rearing 
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condition of the SUBJECT effect is found on the goal latency (F=6 07, p= 020 socio reared animals are faster in 
reaching the goal), on the time spent in the startbox (F=6 07, p= 020 socio reared animals remain shorter in the 
starlbox), on the time spent in the goalbox (F=5 46, p= 027 socio reared animals spend more time in the 
goalbox) and on the number of intromissions (F=6 31, p= 018 socio-reared animals attain more intromissions 
than iso-rcarcd reared ones) 
Conditioned punishment second day 
FIRST STARTERS. A rearing condition of the SUBJECT by PARTNER interaction is found on the time 
spend in the startbox (F=4 S3, p= 041) The animals in the dyads socio-reared male iso-reared female and iso-
reared male - socio reared female spend more time in the startbox SEX main effects are found on all vanablcs 
except the number of intromissions males have a longer CS latency (F=15 08, p= 004), a longer goal latency 
(F=9 52, p= 004), remain longer in the starlbox (F=26 15, p= 000), and shorter m the goalbox (F=15 61, p= 000) 
and show less oscillations (F=l 1 07, p= 002) These effects arc probably due to the fact that in this first session 
males arc less active than females (see first day of conditioned punishment lest) 
INFLUENCE OF THE FIRST STARTERS ON THE SECOND STARTERS. When the first starter 
produces many CS presentations, the second starter has a short goal latency (t= 3 13, p= 004), short time spent in 
the startbox (T=-2 08, p= 047), long time spend in the goalbox (T=5 04, p= 000) The shorter the first starter 
remains in the goalbox, the longer the second starter remains in the goalbox (T=-2 69, p= 012) More 
intromissions by the first starters is related to less oscillations in the second starters 
SECOND STARTERS. A three-way interaction is found for the CS-lalency (F=4 37, p= 046) socio reared 
males running for a socio-reared partner are the fastest starters A PARTNER by SEX interaction is found for the 
number of intromissions (F=5 92, p= 022) Socio reared males attain more intromissions with a socio-reared 
partner compared with the other groups SEX main effects are found on a number of dependent variables males 
have a shorter CS latency, (F=4 18, p= 050), a shorter goal latency (F=5 40, p= 028), spend more time in the goal 
(F=10 60, p= 003) than females Rearing conditions of the SUBJECT main effects are also found Socio-reared 
animals have a shorter CS-latency (F=6 28, p= 018), a shorter goal latency (F=4 71, p= 039), less oscillations 
(F=4 44, p= 044) and more intromissions (F=4 18, p= 050) 
APPENDIX 5. ДОГ AND SPEED OF CONFLICT RESOLUTION 
Factor Structure of Open Field Crossings 
TABLE 5 a Factor loadings of open-field 
activities socio-reared and iso-reared male and 
female rats in experiment 4 
Crossings 
Center day 1 
Side day 1 
Comer day 1 
Center day 2 
Side day 2 
Comer day 2 
Pet of variation 
ESCAPE HIDE SEEK 
14 12 69# 
90# 25 26 
89# 35 19 
20 27 72# 
28 92# 28 
34 86# 23 
61 8% 17 0% 12 5% 
TABLE 5 с Factor structure of open-field 
crossings of Wistar and Brown Norway rats in 
expenment 7 
Crossings 
Cerner day 1 
Side day 1 
Comer day 1 
Center day 2 
Side day 2 
Comer day 2 
Pel of variation 
ESCAPE HIDE SEEK 
15 13 6S# 
94# 02 24 
97# 17 01 
00 50 71« 
15 9S# 25 
07 93# 23 
27 8% 50 3% 14 9% 
TABLE 5 b Factor loadings of open Held 
crossings of socio-reared and iso-reared male and 
female rats in experiment 6 
Crossings 
Cenler day 1 
Side day 1 
Comer day 1 
Center day 2 
Side day 2 
Comer day 2 
Pet of variation 
ESCAPE HIDE SEEK 
06 16 65# 
90# 24* 22 
94# 25* 08 
21 28* 80# 
26* 84# 40# 
28* 84# 21 
58 0% 19 9% 12 6% 
TABLE 5 d Factor loadings of open-field 
crossings of the WKY and Wistar rats in 
experiment 8 
Crossings 
Cenler day 1 
Side day 1 
Comer day 1 
Center day 2 
Side day 2 
Comer day 2 
Pel of variation 
ESCAPE HIDE SEEK 
07 06 56* 
96# 09 00 
99# 02 01 
15 31 68« 
01 96# 28 
12 97# 14 
33 0% 40 5% 17 2% 
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TABLE 5 с Factor loadings of open-field TABLE 5 f Factor loadings of open-field 
activities of the Tryon Maze Bnght and Dull rats crossings of Roman Low Avoidance and Roman 
in experiment 10. High Avoidance rats in expenment 12 
Crossings 
Center day 1 
Side day 1 
Comer day 1 
Center day 2 
Side day 2 
Comer day 2 
Pet of variation 
ESCAPE HIDE SEEK 
- 2 3 15 61# 
91# 29 -26 
92# 24 - 29 
21 37 71# 
26 92# 31 
31 90# 25 
38 4% 47 6% 8 5% 
Crossings 
Center day 1 
Side day 1 
Comer day 1 
Center day 2 
Side day 2 
Comer day 2 
Pel of variation 
ESCAPE HIDE SEEK 
45 10 83# 
92# 07 30 
95# 14 11 
08 19 94# 
16 95# 21 
03 98# -07 
48 6% 29 1% 16 4% 
Open-Field Behavior 
TABLE 5 A Open-field behavior of socio-rearcd and iso-reared male and female rats in expenment 4. 
SEX 
REARING CONDITION 
Wall day 1 
Wall day 2 
AWall 
Crossings day 1 
Crossings day 2 
ΔΟΡ 
Thigmolaxis day 1 
Thigmotaxis day 2 
Δΐ}ΐ^ΐηθ13Χ15 
Reanngs day 1 
Reanngs day 2 
Boh day 1 
Boli day 2 
N of sub|ects 
a a 9 9 
SOCIO ISO SOCIO ISO 
77 6 111 8 122 2 124 6 
82 9 77 9 119 6 107 5 
+5 3 -33 9 -2 6 -17 1 
107 8 127 0 162 6 162 1 
109 6 84 3 139 3 141 5 
+ 1 9 42 8 -23 8 20 6 
73 88 76 78 
77 92 87 81 
04 04 11 04 
21 1 21 8 26 9 24 8 
11 4 10 6 16 5 14 8 
25 75 0 0 
50 75 0 0 
8 8 8 8 
SEX RCOND S χ R 
F Ρ F ρ F ρ 
14.29# 001 5.76· 023 4.36· 046 
10.S1# 003 70 410 12 730 
26 617 9.34# 005 1 97 172 
14.03# 007 51 499 2 16 185 
8.23· 024 39 554 2 85 135 
02 903 2 10 191 17 97# 004 
1 73 230 11.61· 011 4 65+ 068 
06 817 1 41 274 14.31# 007 
57 458 94 341 83 371 
1 34 286 11 747 28 613 
2 04 196 20 672 07 805 
(df=l,7) There is a high correlation between AWall and ΔΟΡ (r=0 84, df=29, p=0 0) and no correlation between 
AWall and Athigmotaxis (r=0 14, df=29. p=0 222) 
TABLE S.B. Open field behavior of socio-rcared and iso-rcarcd male and female rats in expenment 6 
SEX 
REARING CONDmON 
Wall day 1 
Wall day 2 
AWall 
Crossings day 1 
Crossings day 2 
ΔΟΡ 
Thigmotaxis day 1 
Thigmotaxis day 2 
Athigmolaxis 
Reanngs day 1 
Roarings day 2 
Boh day 1 
Boh day 2 
N of subtecls 
a a 9 9 
SOCIO ISO SOCIO ISO 
94 6 97 1 108 8 114 5 
123 7 110 5 132 7 134 2 
+29 1 +13 4 +24 0 +19 7 
119 6 118 5 137 6 135 7 
161 6 1 3 6 4 181 0 171 0 
+42 0 +17 9 +43 5 +35 4 
80 82 79 84 
77 82 74 79 
- 02 - 00 - 04 05 
24 8 24 7 29 4 31 3 
28 1 21 0 33 4 33 4 
45 40 80 30 
05 05 20 0 
20 20 20 20 
SEX RCOND S χ R 
F ρ F ρ Ρ ρ 
6 SS· .013 45 506 07 795 
9.82# .002 1 26 266 1 99 163 
01 915 3 09+ 083 1 03 313 
6.15· 015 05 828 00 955 
12.17# 001 5.17* 026 96 329 
19 143 6.34· 014 1 57 219 
01 907 5.08· 027 59 445 
3 84+ 054 8.43# 005 00 972 
2 00 161 08 776 25 616 
5.94· 017 15 696 19 665 
16.73# 000 2 62 110 2 69 105 
(df=l,76) The correlation between AWall and ΔΟΡ is significantly positive (r=0 87, df=75, p= 0) as is the 
correlation between AWall and Athigmotaxis (r=0 42, df=75, p= 0) 
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TABLE 5 С Open-field behavior of Wistar and Brown Norway rats in expenmenl 7 
STRAIN 
REARING CONDITION 
WaU day 1 
WaU day 2 
AWall 
Crossings day 1 
Crossings day 2 
ЛОР 
Thigmolaxis day 1 
Thigmotaxis day 2 
Alhigmotaxis 
Rearmgs day 1 
Rearings day 2 
Boh day 1 
Boh day 2 
N of subjects 
Wi BN 
SOCIO ISO SOCIO ISO 
92 5 107 3 84 0 88 0 
81 3 93 3 115 5 91 0 
11 3 1 4 0 31 5 3 0 
118 8 1 2 6 3 1 1 0 5 109 5 
100 5 105 3 139 3 108 8 
-18 3 2 1 0 +28 8 8 
80 86 76 80 
84 90 83 84 
04 04 07 04 
17 0 15 3 28 3 24 8 
8 8 12 7 27 5 19 5 
1 00 0 1 25 50 
75 0 3 00 1 00 
4 3 4 4 
STRAIN ROOND S χ R 
F ρ F ρ Ρ ρ 
96 349 44 522 15 711 
62 449 09 766 81 388 
2 07 178 57 468 38 548 
45 514 03 871 06 815 
72 416 31 587 48 502 
1 88 197 49 497 30 596 
83 382 1 18 302 04 858 
62 447 84 379 58 461 
09 773 12 737 18 675 
6 76* 025 45 514 05 821 
13.56# 004 49 497 2 79 123 
21 653 1 72 216 04 853 
3 10 106 2 53 140 48 501 
( d f = l , l l ) The correlation between AWall and ΔΟΡ is r=0 97 (df=13, p= 0) and between the AWall and the 
Athigmotaxis there is no significant correlation (r=0 33, df=13, p=0 113) 
TABLE 5 D Open-field behavior of Wistar and WKY rats in experiment 8 
STRAIN 
SEX 
Wall day 1 
WaU day 2 
AWall 
Crossings day 1 
Crossings day 2 
ΔΟΡ 
Thigmotaxis day 1 
Thigmotaxis day 2 
Alhigmotaxis 
Rearings day 1 
Reanngs day 2 
Boh day 1 
Boh day 2 
N of subjects 
Wb WKY 
Cf Q Cf Q 
110 5 129 0 69 3 85 5 
50 8 107 5 83 3 90 5 
-59 8 21 5 14 0 5 0 
136 0 151 3 93 3 104 8 
59 8 119 0 101 8 96 3 
-76 3 32 3 +8 5 8 5 
81 85 74 82 
87 91 83 95 
06 06 08 12 
26 0 34 3 5 5 7 8 
12 3 19 0 3 8 3 8 
0 0 25 75 0 
1 0 0 0 0 
4 4 4 4 
STRAIN SEX S χ S 
F ρ F ρ F ρ 
11.02# 006 1 85 198 01 931 
21 655 3 57+ 083 2 14 170 
6 0 3 · 030 51 487 1 34 270 
10.24# 008 92 356 02 895 
23 640 1 80 205 2 61 132 
6 14* 029 38 549 1 94 189 
1 19 297 2 43 145 28 606 
00 994 8.54» 013 1 95 188 
1 14 307 25 623 20 660 
29.90# 000 1 49 245 49 498 
11.59# 005 94 352 94 352 
(df=l,12) The correlation between the AWall and ΔΟΡ is r=0 98 (df=14. p= 0) and between the AWall and 
Athigmolaxis r=0 42 (df=14. p=0 054) 
TABLE 5£ Open-field behavior of TMB and TMD rats in expenment 10 before and after the Skinnerbox test 
STRAIN 
SEQUENCE 
Wall day 1 
Wall day 2 
AWall 
Crossings day 1 
Crossings day 2 
ΔΟΡ 
Thigmotaxis day 1 
Thigmotaxis day 2 
Athigmolaxis 
Reanngs day 1 
Reanngs day 2 
Boli day 1 
Boh day 2 
N of subiccts 
TMB TMD 
of Skb Skb of of Skb Skb of 
21 5 30 5 56 9 51 6 
39 S 41 5 44 9 66 5 
1 8 0 1 1 0 1 2 0 0 14 9 
26 4 37 1 85 4 68 1 
44 0 45 1 59 5 82 6 
+ 17 6 + 8 0 25 9 +14 5 
81 82 67 75 
84 92 77 82 
035 092 100 067 
31 1 23 4 25 1 22 2 
14 9 25 4 9 9 19 2 
3 25 5 50 38 75 
5 00 5 63 1 13 1 75 
8 8 8 8 
STRAIN SEQ S χ S 
Ρ Ρ F ρ F ρ 
1S.7S# 000 07 794 1 00 325 
2 56 121 1 5 5 223 1 0 7 310 
2 86 102 1 65 209 4 8 1 * 037 
26 54# 000 14 713 2 57 120 
5.43* 027 1 14 295 94 342 
4 20+ 050 2 90 100 7.67* 010 
8.11# 008 1 91 178 86 360 
6.17* 019 3 36+ 077 11 747 
27 604 10 756 1 44 240 
2 04 164 4.54* 042 96 336 
2 39 134 7.61* 010 02 877 
S7 2S# 000 6.78* 015 3 46+ 073 
32.89# 000 85 363 0 1 000 
(df=l,28) Note that Rearings day 1 are decreased, reanngs day 2 increased and defecation day 1 increased after 
Skinnerbox lesi The correlation between AWall and ΔΟΡ is r=0 97 (df=14, p= 0) and between AWall and 
Athigmolaxis r= 0 16, (df=14, p=0 351) 
232 
A P P E N D I X 
TABLE 5 F Open-field behavior in experiment 12 of the RLA and RHA rats 
STRAIN 
SEX 
Wall day 1 
Wall day 2 
AWall 
Crossings day 1 
Crossings day 2 
¿OF 
Thigmotaxis day 1 
Thigmotaxis day 2 
¿thigmotaxis 
Rcarings day 1 
Reanngs day 2 
Boh day 1 
Boh day 2 
N of subiccls 
RLA RHA 
d1 Q σ Q 
78 5 101 1 157 1 139 1 
64 3 106 9 102 6 110 4 
14 3 +5 75 54 5 28 8 
105 0 122 4 173 1 155 9 
78 0 129 5 109 1 119 3 
-27 0 + 7 1 64 0 36 6 
74 83 91 89 
84 82 95 94 
10 01 04 05 
58 4 55 1 38 38 40 38 
30 5 38 0 17 38 18 88 
2 25 38 3 38 88 
2 38 25 3 50 88 
8 8 8 8 
STRAIN SEX S χ S 
F ρ F ρ F ρ 
58.80# 000 09 763 7 13 012 
1 67 207 2 42 131 1 16 291 
6 12 · 020 2 29 141 04 850 
36.73# 0 00 994 4.26· 048 
31 582 2 70 111 1 2 2 279 
6.20· 019 3 60+ 068 04 837 
25.92# 0 2 93+ 098 5.91· 022 
27.13# 0 24 625 00 999 
01 929 4.55 · 042 5 6 3 · 025 
25.92# 0 03 856 59 448 
10.91# 003 85 364 38 544 
3 88+ 059 28.11« 0 57 455 
3 71+ 064 27.32« 0 30 587 
(df=l,28) The ¿Wall and the ¿OF show the expected strain difference, but the expected sex difference is only 
marginally significant The correlation between ¿Wall and ¿OF is r=0 98 (df=30, p= 0) and between ¿Wall and 
¿thigmotaxis r=0 00 (df=30, p=0 492) 
APPENDIX 6. EFFECTS OF DIAZEPAM ON OPEN-FIELD BEHAVIOR 
Roman Low Avoidance males 
TABLE 6 1a Muscle-relaxant effects of different doses of diazepam on RLA males in the open-field test 
RLA MALE 
DIAZEPAMOnR/kR) 
Lymg day 1 
Lying day 2 
Falling day 1 
Falling day 2 
Stagger day 1 
Staeger day 2 
control 
1741 
DURATON or FREQUENCY 
1 4 1 6 
1 
79 04 116 64 
17 3 17 
17 17 
1 17 19 00 
5 8 00 
control 
1 
N of SUBJECTS 







TABLE 6 lb Open-field behavior of RLA males after two test days with diazepam or control injections 
MALE 
DIAZEPAM (mg/kg) 
Crossings day 3 
Thigmotaxis day 3 
Reanngs day 3 








1 4 1 6 
55 5 101 5 86 0 
81 79 85 
16 7 45 2 43 0 
0 1 17 67 
1 mg 4 mg 1 6 mg 
F ρ F ρ F ρ 
00 979 3 35+ 082 1 49 236 
32 578 11 738 1 19 288 
00 984111.81# 003 10.09« 005 
1 54 229 25 625 06 806 
df=l,20 
Roman Low Avoidance females 
TABLE 6 2a. Muscle-relaxant effects of different doses of diazepam on Ihe RLA females in the open-field tesL 
RLA FEMALE 
DIAZEPAM (mg/kg) 
Lymg duration day 1 
Lying duration day 2 
Falling day 1 
Falling day 2 
Stagger day 1 
Stagger day 2 
control 
. 
DURATION or FREQUENCY 
1 4 1 6 
34 99 
2 17 
. 1 83 
1 33 50 17 
83 45 33 
control 
N of SUBJECTS 








TABLE 6.2b. Open-field behavior of the RLA females after two test days with diazepam or control injections. 
RLA FEMALE 
DIAZEPAM(mR/kg) 
Crossings day 3 
Thigmotaxis day 3 
Rearings day 3 







.1 .4 1.6 
127.5 101.2 136.5 
.83 .82 .78 
30.3 33.5 47.8 
.0 .33 .33 
.1 mg .4 mg 1.6 mg 
F ρ F ρ F ρ 
1.09 .308 .00 .946 1.90 .183 
.50 .489 .86 .364 2.69 .117 
.03 .872 .26 .616 4.30+ .051 
.30 .588 .30 .588 .30 .588 
df=l,20 
Roman High Avoidance males 
TABLE 6.3a. Muscle-relaxant effects of different doses of diazepam on the RHA males in the open-field test. 
RHA MALE 
DIAZEPAM(mg/kR) 
Lying duration day 1 
Lying duration day 2 
Falling day 1 
Falling day 2 
Stagger day 1 




DURATION of FREQUENCY 
.1 .4 1.6 
. 33.6 198.7 
1.7 74.9 243.5 
. 1.50 
. .17 
. .67 7.50 
. .67 3.00 
control 
.0 
N of SUBJECTS 
.1 .4 1.6 
2 6 





TABLE 6.3b. Open-field behavior of RHA males after two test days with diazepam or control injections. 
RHA MALE 
DIAZEPAM(mR/kg) 
Crossings day 3 
Thigmotaxis day 3 
Rearings day 3 







.1 .4 1.6 
69.0 52.0 105.0 
.94 .95 .91 
17.8 18.0 34.8 
2.00 2.33 4.33 
.1 mg .4 mg 1.6 mg 
F ρ F ρ F ρ 
6.79* .017 2.49 .130 22.84# .000 
.17 .681 .01 .907 1.23 .281 
1.88 .185 1.97 .176 20.74# .000 
.0 1.0 .17 .682 8.45# .009 
df=l,20 
Roman High Avoidance females 
TABLE 6.4a. Muscle-relaxant effects of different doses of diazepam on the RLA females in the open-field lest. 
RHA FEMALE 
DIAZEPAM (mg/kg) 
Lying duration day 1 
Lying duration day 2 
Falling day 1 
Falling day 2 
Stagger day 1 
Stagger day 2 
control 
.0 
DURATON or FREQUENCY 
.1 .4 1.6 
. 32.2 259.9 
. 87.6 289.9 
. .50 1.17 
. .50 .17 
. 8.83 5.00 
.17 3.67 .17 
control 
.0 
N of SUBJECTS 






1 4 1 
TABLE 6.4b. Open-field behavior of RHA females after two test days with diazepam or control injections. 
RHA FEMALE 
DIAZEPAMCmg/kg) 
Crossings day 3 
Thigmotaxis day 3 
Rearings day 3 







.1 .4 1.6 
100.3 134.0 151.2 
.90 .94 .90 
19.3 31.3 43.8 
.83 2.17 2.50 
.1 mg .4 mg 1.6 mg 
F ρ F ρ F ρ 
.37 .550 .55 .466 2.05 .168 
.05 .823 1.10 .307 .00 .966 
.91 .352 2.00 .173 15.0S# .001 




APPENDIX 7. AFTEREFFECT OF DIAZEPAM: SHUTTLEBOX 
Roman Low Avoidance rats 
TABLE 7A Shutüebox behavior of the RLA strain after two test days with diazepam or control injecuons and one 






















1 20 279 





1 4 1 6 
7 17 7 83 7 83 
26 50 40 67 34 17 
16 33 1 50 7 67 
15 00 12 00 8 83 
3 50 3 33 3 00 
1 mg lAscx 
F ρ F ρ 
2 41 128 2 88+ 098 
8.27# 006 02 878 
1 3 1 260 2 50 122 
09 767 40 529 







4 mg lAsex 
F P F ρ 
78 382 70 408 
02 898 3 14+ 084 
61 441 68 413 
02 882 24 630 
51 479 06 813 
FEMALE 
1 4 1 6 
14 50 9 17 14 50 
34 67 38 33 30 00 
83 2 50 5 50 
10 50 17 50 14 50 
3 83 3 17 4 50 
1 6 mg lAsex 
F ρ F ρ 
2 72 107 2 56 117 
5.83· 020 4.22· 047 
31 579 13 717 
29 591 25 617 
2 04 161 2 04 161 
(df=l 40) lAsex is the mteraction of Dose with the factor Sex 
Roman High Avoidance rats 
TABLE 7 lb Shuttlcbox behavior of the RHA strain after two lest days with diayepam or control injections and 


























2 41 128 
MALE 
1 4 1 6 
39 17 22 00 41 67 
9 50 5 83 8 17 
1 33 22 17 17 
21 00 16 17 26 00 
2 83 3 67 5 33 
1 mg lAsex 
F Ρ F ρ 
01 934 34 564 
49 486 24 629 
14 707 18 675 
91 347 87 355 







4 mg lAsex 
F ρ F ρ 
2 69 109 3 89+ 056 
2 63 113 29 592 
5.88· 020 5.45* 025 
2 37 132 71 405 
70 408 2 80 102 
FEMALE 
1 4 1 6 
42 33 45 67 44 83 
7 50 4 00 5 17 
17 33 00 
30 17 23 50 34 17 
5 00 3 17 5 00 
1 6 mg lAsex 
F Ρ F ρ 
50 484 34 564 
24 629 03 872 
31 581 31 581 
24 625 78 382 
9 19# 004 2 46 125 
(df=l,40) lAsex is the mteraction of Dose with the factor Sex 
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SAMENVATTING 
Dit proefschrift behandelt het conflict dat in het individu kan ontstaan tussen het benaderen en 
vermijden van één en hetzelfde voorwerp. Dit voorwerp heeft aantrekkelijke en afstotende 
kenmerken die tegenstrijdige gedragingen oproepen waardoor conflict ontstaat. In dit proefschrift 
ligt de speciale nadruk op de snelheid waarmee een dergelijk conflict opgelost wordt. Deze 
snelheid van conflictoplossen is bepaald door de tijd die nodig is om het doel (het voorwerp) te 
bereiken. 
Het theoretisch uitgangspunt van deze studie vormde het conflictmodel van Miller (1959). 
Voorspellingen op basis van dit model ten aanzien van de snelheid van conflictoplossen zijn 
onderzocht in een aantal experimenten met ratten als proefdieren. Ook werd onderzocht of op 
grond van gedrag in een open-veld en de ultrasone geluiden die ratten maken, de snelheid 
waarmee een toenadering-vermijding conflict wordt opgelost, voorspeld kan worden. 
In hoofdstuk I wordt het onderweip van dit proefschrift ingeleid. De plaats van 
conflictonderzoek in de psychologie en in de ethologie wordt in het kort aangegeven. Vooral de 
uitkomst van een conflict en de snelheid waarmee de oplossing bereikt wordt, krijgen speciale 
aandacht. Het laatste deel van dit hoofdstuk bevat een beschrijving van het proefdier - de 
laboratorium rat - en van de problemen met betrekking tot de interpretatie van het gedrag van deze 
soort. Het hoofdstuk sluit af met een inhoudsopgave van het proefschrift. 
In hoofdstuk II worden de experimentele opzet en de proefopstellingen en apparaten 
beschreven. Er wordt aandacht besteed aan een leermethode die is ontwikkeld om de proefdieren 
in een goed gecontroleerde situatie van toenadering-vermijding conflict te brengen. Het meest 
geschikt bleek een methode gebaseerd op het principe van voorwaardelijk straffen (conditioned 
punishment). Die methode ziet er als volgt uit. Een proefdier leert in eerste instantie een doel te 
benaderen en wordt daar beloond, bijvoorbeeld met voedsel, als het hongerig is. In de tweede 
fase wordt het dier bang gemaakt voor een signaal, bijvoorbeeld een licht of een toon, door dat 
signaal enige malen te koppelen met een milde elektrische schok. In de derde fase wordt het 
benaderen van het doel onderbroken door het gevaarsignaal (CS) tijdens het toenaderen aan te 
bieden, waardoor de toenadering wordt onderbroken. De meeste proefdieren beginnen na enige 
tijd weer aan de toenadering en bereiken tenslotte het doel. De tijd die nodig is om het doel te 
bereiken wordt gehanteerd als maat voor de snelheid van conflictoplossen. Deze methode van 
voorwaardelijke straf (de dieren krijgen in de conflicttest géén schok, maar alleen het 
gevaarsignaal gepresenteerd) kan zowel in de Skinnerbox als in de loopgang worden toegepast. 
De Skinnerbox is een experimenteerkooi, waarin een dier op een pedaal moet drukken om een 
doel te bereiken, terwijl in een loopgang het dier naar het eind van de gang moet lopen om een 
doel te bereiken. 
In dit hoofdstuk wordt een aantal grondbeginselen ten aanzien van het gebruik van deze 
methode gepresenteerd. Deze betreffen de bepaling van de optimale sterkte van de schok, het 
moment (trial) waarop het conflict opgeroepen wordt en de eigenschappen van het gevaarsignaal 
in de loopgang. In de loopgang bestaat het gevaarsignaal uit een lichtje dat alleen aangaat 
wanneer het dier voorwaarts naar het eind van de gang loopt, dus niet wanneer het dier stilstaat 
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of terugloopt naar het begin van de gang. Het conflictgedrag opgeroepen in de loopgang blijkt 
overeen te stemmen met het gedrag dat in de Skinnerbox wordt veroorzaakt door het 
pedaaldrukken te onderbreken met een toontje dat tevoren gekoppeld was aan een electrische 
schok. Zowel in de loopgang als in de Skinnerbox had het dier op deze wijze de beheersing over 
het aan- en uitgaan van het gevaarsignaal. 
Hoofdstuk III behandelt het conflictmodel van Miller meer in detail. De aannames en 
voorspellingen van dit model worden gepresenteerd en kritisch geëvalueerd. De conclusie is dat 
de aannames nogal tegenstrijdig blijken te zijn, speciaal die over de optellling van sterkte van 
toenadering en van vermijding, en verder dat het heen en weer bewegen rond het conflictpunt 
(oscilleren) een belangrijk kenmerk is van het model. Met betrekking tot oscilleren is echter nog 
weinig onderzoek gedaan. In dit hoofdstuk worden drie experimenten gepresenteerd die opgezet 
werden om een aantal eigenschappen van het model te testen. 
De optel-regel van het model van Miller (postulaat D) veronderstelt dat de sterktes van 
benaderen en vermijden op te tellen zijn en zo het conflictpunt bepalen (dat is het punt waar 
toenadering en vermijding even sterk zijn). Onderzocht is of het conflictpunt in verband staat met 
de snelheid van conflictoplossen en of de optel-regel die geldt voor de gradiënten ook geldt voor 
de snelheid van conflictoplossen. De resultaten laten een afwijking van de optel-regel zien. De 
meest hongerige en minst geschokte groep bereikte het doel het snelst - zoals te verwachten was, 
maar er bleken geen verschillen in de andere groepen te zijn (experiment 1). In het tweede 
experiment in de loopgang blijkt een duidelijker relatie tussen conflictpunt en snelheid van 
conflictoplossen aanwezig te zijn (experiment 2). Het derde experiment in dit hoofdstuk 
behandelt de polariteit van het conflictmodel van Miller, die zijn model alleen ten opzichte van het 
doel beschrijft. Proefdieren zonder thuisbasis werden vergeleken met proefdieren mét thuisbasis 
wat betreft hun snelheid van conflictoplossen met als uitkomst dat proefdieren zonder thuisbasis 
langzamer waren in het bereiken van het doel dan dieren die wel een thuisbasis hadden. De 
resultaten benadrukken juist het belang van een thuisbasis in een conflictsituatie. Benadrukt 
wordt dat toenadering-vermijding conflicten in feite altijd dubbele toenadering-vermijding 
conflicten zijn, één conflict ten opzichte van het doel en één conflict ten opzichte van de 
thuisbasis. Oscillaties rond het conflictpunt zijn belangrijk voor het model van Miller. Grote 
oscillaties in het gedrag van het dier in conflict kunnen erg belangrijk zijn, omdat daardoor de 
duur en de afstand en daarmee de intensiteit van blootstelling aan het gevaar door het dier zelf 
gecontroleerd worden. Volgens Millers model blijft een dier staan op het conflictpunt in de 
loopgang of Skinnerbox. Het oscillerende deel van het gedrag lijkt noodzakelijk om het 
conflictpunt te overwinnen. 
In Hoofdstuk IV wordt het effect van kleine oscillaties in gedrag op de snelheid van 
conflictoplossen onderzocht door de opgroeiomstandigheden van de proefdieren te manipuleren. 
Sociale isolatie (individuele huisvesting) leidt tot een aanzienlijke toename van gedragsoscillaties 
in een sociale omgeving (Peys, 1977). In een sociale (seksuele) en een niet-sociale omgeving 
werden voorspellingen ten aanzien van de snelheid van conflictoplossen onderzocht. 
De sociaal opgegroeide dieren waren sneller in het oplossen van het (niet-sociale) conflict dan 
geïsoleerd opgegroeide dieren, hetgeen de veronderstelling bevestigt dat veel oscillaties 
samengaan met langzaam conflictoplossen (experiment 4). In de inleiding van experiment 5 
wordt aandacht besteed aan seks als bekrachtiger, evenals aan de effecten van sociale isolatie 
tijdens het opgroeien op seksueel gedrag. Experiment 5 had dezelfde opzet als experiment 4, 
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maar de bekrachtiger van het toenaderingsgedrag was in dit experiment niet voedsel voor het 
hongerige dier, maar een prikkeldier dat het proefdier de gelegenheid bood tot sociaal en seksueel 
contact. Er werden geen verschillen gevonden tussen sociaal opgegroeide en geïsoleerd 
opgegroeide mannetjes. Dit was voldoende reden om de procedure voor het volgende experiment 
enigszins aan te passen. De resultaten van experiment 6 lieten zien dat sociale isolatie een 
belangrijke invloed had op het seksuele gedrag van mannetjes en vrouwtjes ratten. Het effect dat 
gevonden werd bij vrouwtjes ratten is niet eerder in de literatuur beschreven. Geïsoleerd 
opgegroeide ratten vertoonden vooral een toename in het aantal oscillaties en een afname in het 
aantal suksesvolle bestijgingen. De opgroei-omstandigheden van de partner speelden een 
belangrijke rol bij de snelheid van conflictoplossen. De snelheid van conflictoplossen bij 
vrouwtjes was hoger wanneer een geïsoleerd opgegroeid mannetje prikkeldier was dan wanneer 
een sociaal opgegroeid dier als prikkel diende. Dit resultaat deed vermoeden dat het 
prikkelmannetje meer een sociale dan een seksuele bekrachtiger voor het vrouwtje was. Tenslotte 
werd gevonden dat sociaal opgegroeide proefdieren het doel sneller bereikten dan geïsoleerd 
opgegroeide dieren. 
De conclusie is dat kleine oscillaties in het gedrag een vertragend effect op de snelheid van 
conflictoplossen hebben zowel in een sociale als in een niet-sociale situatie. 
Hoofdstuk V handelt over de kwestie of de snelheid van conflictoplossen verband houdt 
met of misschien zelfs voorspeld kan worden uit hetzij toenaderingsneigingen of 
vermijdingsneigingen. Om vergelijkingen tussen groepen dieren te kunnen maken wat betreft 
toenaderingsgedrag, vermijdingsgedrag en conflictoplossen, werden groepen van verschillende 
afstamming gekozen. 
In een aantal experimenten werden verschillende stammen paarsgewijs met elkaar vergeleken 
(Wistar vs Brown Norway, exp. 7; Wistar vs Wistar Kyoto, exp. 8; Wistar Kyoto vs SHR, exp. 
9; Tryon Maze Bright vs Tryon Maze Dull, exp 10,11; Roman High Avoidance vs Roman Low 
Avoidance, exp. 12). Daarbij werden verschillen tussen de toenadering gemeten bij het aanleren 
van toenaderingsgedrag in de Skinnerbox of loopgang, evenals verschillen in toenaderingsgedrag 
nadat de dieren een milde schok gekregen hadden, en tenslotte werd de snelheid van 
conflictoplossen gemeten in de conflicttest. Tevens werden verschillen in aktieve vermijding 
gemeten in een zogenaamde shuttlebox. Per paar is bekeken of de snelheid van conflictoplossen 
uit de metingen van toenadering en vermijding afzonderlijk te voorspellen was. Dit bleek slechts 
bij twee paren het geval te zijn. 
Geconcludeerd kon worden dat er verschillen tussen de groepen dieren bestaan wat betreft de 
snelheid van conflictoplossen. Het bleek echter niet mogelijk verschillen in de snelheid van 
conflictoplossen tussen groepen te voorspellen op grond van verschillen in toenaderingsgedrag 
of vermijdingsgedrag apart. Dit impliceert dat het oplossen van intra-individuele conflicten een 
unieke meetgrootheid is die verband kan houden met gedrag gericht op overleving, en dat deze 
derhalve ook een biologisch belangrijke meetgrootheid is. 
Hoofdstuk VI geeft een beschrijving van een nieuwe manier om om te gaan met gegevens 
gemeten in het open-veld. Het open-veld wordt in dit hoofdstuk gezien als een conflicttest in 
tegenstelling tot de meer klassieke opvatting waarin het open-veld als 'emotionaliteits' test 
gebruikt wordt. In de literatuur wordt het open-veld-gedrag van de rat soms ook gezien als 
bepaald door twee processen, één van verandering in toenadering en één van verandering in 
vermijding. Het bewijs van een verband met het toenadering-vermijding conflict is nooit 
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geleverd. In een vóórexperiment werd een relatie gevonden tussen de snelheid van 
conflictoplossen en het gedrag in een open-veld. Het verschil tussen de loopactiviteit van een rat 
op de eerste en de tweede testdag in het open-veld (ΔΟΡ= de open-veld-delta) bleek in verband 
te staan met de snelheid van conflictoplossen. De AOF-hypothese stelt dat er een positief 
verband bestaat tussen ΔΟΡ en de snelheid van conflictoplossen, dwz. een hoge ΔΟΡ gaat 
samen met een hoge snelheid van conflictoplossen. 
Allereerst werd getracht om te achterhalen welke factoren de loopactiviteiten van een rat langs 
de wand, in de hoek en in het midden van een vierkant open-veld bepaalden op vier 
opeenvolgende testdagen (experiment 13). Er bleken drie belangrijke factoren te zijn die deze 
activiteiten bepaalden. De loopactiviteit langs de wanden en in de hoeken op de eerste test dag 
werden door de eerste factor, die Ontsnap' factor werd genoemd, bepaald. De loopactiviteiten 
van de rat op de tweede, derde en vierde dag in het open-veld werden door een tweede factor 
bepaald, die 'verschuil' factor werd genoemd. De loopactiviteit in het midden van het open-veld 
op alle vier dagen werd door een derde factor, de 'zoek' factor bepaald. Geconcludeerd kon 
worden dat het volstaat om de open-veld-test op twee opeenvolgende dagen af te nemen. De 
derde en vierde dag voegden niet veel extra informatie toe. De open-veld-delta (ΔΟΡ= het 
verschil tussen de totale loopactiviteit in het open-veld op beide dagen) is een maat die de 
veranderingen in loopactivitieit van de eerste naar de tweede dag meet ( verandering van de 
'ontsnap' in de 'verschuil' factor). 
In zes experimenten werd de voorspelbaarheid van de snelheid van conflictoplossen 
onderzocht aan de hand van de ΔΟΡ en een aantal andere grootheden die meestal in het open-
veld gemeten worden. In hoofdstuk IV en V werden verschillen tussen groepen gevonden wat 
betreft de snelheid van conflicvtoplossen. Deze groepsverschillen werden gebruikt om een 
verband te leggen met groepsverschillen wat betreft open-veld metingen. Belangrijk is dat uit 
eerder onderzoek reeds was gebleken dat de open-veld test geen invloed heeft op de resultaten 
van de erop volgende conflicttest - en dus op de snelheid van conflictoplossen (gevonden in 
experiment 10). Het gedrag in het open-veld bleek daarentegen wél door de conflicttest in de 
Skinnerbox beïnvloed te worden. Daarom zijn in dit hoofdstuk alleen experimenten opgenomen 
waarbij de open-veld test vóór de conflicttest plaatsvond. Gevonden werd dat verschillen tussen 
groepen in de ΔΟΡ maat overeenkwamen met verschillen als gevonden bij de snelheid van 
conflictoplossen. De ΔΟΡ maat bleek deze relatie sterker te vertonen dan alle andere 
meetgrootheden. Er bestaan echter nogal wat bezwaren om testen met elkaar te vergelijken op 
basis van verschillen in de gemiddelde score van groepen. Daarom werd een 'meta-analyse' 
gedaan om de resultaten van de verschillende experimenten op individuele basis met elkaar te 
vergelijken. Het resultaat van deze analyse was wederom dat de ΔΟΡ de beste voorspeller voor 
de snelheid van conflictoplossen bleek te zijn. 
Dit betekent dat de open-veld-test niet alleen een emotionaliteits-test is die voornamelijk 
gebaseerd is op het aantal keuteltjes dat tijdens de test geproduceerd wordt, maar ook een 
toenadering-vermijding conflicttest, waarin de snelheid van conflictoplossen - die gezien kan 
worden als een soort vertrouwd raken met de nieuwe omgeving gedurende de twee testdagen -
wordt gemeten als een eigenschap van het individu, bepaald door zijn afstamming en ervaringen. 
De AOF-maat lijkt een goede voorspeller te zijn voor de snelheid waarmee conflictoplossen 
optreedt. Bovendien kan hij gebruikt worden om snel verschillen in snelheid van 
conflictoplossen tussen ratten te onderzoeken. 
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In de discussie van dit hoofdstuk is opnieuw ingegaan op de mogelijke betekenis van de drie 
factoren die de loopactivideit in het open-veld bepalen. De 'ontsnap' factor zou iets te maken 
kunnen hebben met activiteiten die erop gericht zijn de conflictsituatie als zodanig te vermijden. 
De twee andere factoren, 'zoek' en 'verschuil', lijken op de toenaderings- en vermijdings­
componenten die ook door de conflicttest met de voorwaardelijke straf worden opgeroepen. Een 
proefdier dat weinig 'ontsnap' activiteit vertoont, maar veel 'verschuil' activiteit, is betrokken bij 
het conflict (de nieuwe omgeving in dit geval), vertoont een positieve ΔΟΡ (een toename van 
loopactiviteit in de twee dagen) en is een snelle conflictoplosser. Hoewel dit nogal speculatief is, 
helpt het het verband tussen ΔΟΡ en de snelheid van conflictoplossen te begrijpen. 
In hoofdstuk VII zijn een aantal kenmerken van de ΔΟΡ onderzocht. Een van de mogelijke 
interpretaties van open-veld-gedrag is, dat toenaderingsneigingen in het open-veld te beschouwd 
kunne worden als het zoeken naar kooigenoten en vermijdingsneigingen als het vermijden van de 
proefleider. Gebaseerd op het model van Suarez and Gallup (1981) zijn een aantal voorspellingen 
ten aanzien van het open-veld-gedrag onderzocht, met speciale nadruk op de ΔΟΡ en de 
ethologische benadering van Suarez and Gallup. De neiging om de proefleider te vermijden zou 
lager moeten zijn als het proefdier tijdens zijn opgroeien gehanteerd was door de proefleider. 
Hoewel het hanteren van de proefdieren de vermijdingsneigingen niet bleek te verlagen, verhoogt 
het de ΔΟΡ en leidt dus tot snellere conflictoplossing (experiment 15). De neigingen om het 
gezelschap van kooigenoten te zoeken werden verlaagd door de dieren paarsgewijs in het open-
veld te plaatsen. De resultaten bleken in tegenspraak te zijn met het model van Suarez en Gallup 
en eveneens met de AOF-hypothese. Daarom lijkt de hypothese, dat sociaal testen van dieren in 
het open-veld de neigingen om gezelschap te zoeken verlaagt, onjuist te zijn. In de discussie 
wordt vastgesteld dat het model van Suarez en Gallup (1981) niet in overeenstemming is met de 
opvatting over de open-veld-test die in dit proefschrift gepresenteerd wordt als de ΔΟΡ-
hypothese. Hoewel een ethologische benadering van het open-veld-gedrag aantrekkelijk is, geeft 
het model geen verklaring van de basale drijfveren die het gedrag in het open-veld bepalen. De 
AOF-hypothese blijkt meer geldigheid te bezitten als conflictmaat. 
In een groot aantal experimenten zijn in alle fasen van het experiment ultrasone geluiden van 
de ratten gemeten. Over het algemeen werd gevonden dat hoe langer een proefdier lage ultrasone 
(22 kHz) geluiden in de eerste conflictsessie maakt, des te langer duurt het voor het proefdier het 
doel bereikt; veel 22 kHz geluid betekent langzaam conflictoplossen. In experiment 17 werd één 
factor gevonden, die verband legde tussen de ΔΟΡ, de snelheid van conflictoplossen, hoge 
ultrasone geluiden in het open-veld en lage ultrasone geluiden gemaakt tijdens het conflict in de 
Skinnerbox, een soort 'conflictoplos' factor. Ultrasoon geluid kan, evenals de ΔΟΡ, gebruikt 
worden als een voorspeller van de snelheid van conflictoplossen. Er zijn echter verschillen tussen 
de seksen met betrekking tot het maken van 22 kHz geluiden, mannetjes meer dan vrouwtjes. 
Bovendien blijken de 22 kHz geluiden lang niet altijd op te treden. Daardoor is het riskant om dit 
gedrag als een instrument bij onderzoek te gebruiken, bijvoorbeeld naar angstremmende 
middelen, omdat de proefdieren die ultrasoon geluid maken niet afkomstig zijn uit een aselecte 
steekproef. 
Het laatste experiment (18) behandelt de kwestie of de ΔΟΡ veranderd kan worden onder 
invloed van angstremmende middelen. De verwachting was dat angstremmers de ΔΟΡ doen 
toenemen. ΔΟΡ in de RHA mannetjes (langzame conflictoplossers) is inderdaad toegenomen na 
behandeling met valium. Geen effect of misschien zelfs een verlaging van ΔΟΡ is bij de RLA 
241 
TOENADERING-VERMUDING CONFLICT EN SNELHEID VAN CONFLICTOPLOSSEN 
ratten gevonden. Deze resultaten zijn wat betreft de RHA mannetjes in overeenstemming met de 
AOF-hypothese. Bij de andere groepen blijkt het gevonden effect niet voorspeld te kunnen 
worden op grond van de AOF-hypothese. Het conflictoplossend vermogen van valium blijkt 
afhankelijk te zijn van onder meer erfelijke factoren. Overigens is ook bij mensen gevonden dat 
valium alleen bij angstige mensen angstremmend werkt. 
Vastgesteld kon worden dat AOF een veelbelovende maat voor conflict in het open-veld is 
en dat deze maat gebruikt kan worden als een snelle onderzoeksmethode in allerlei 
onderzoekssituaties. 
BESLUIT: SNELHEID VAN CONFLICTOPLOSSEN 
Tenslotte is gepoogd om uit de resultaten van deze studie algemene conclusies te trekken die 
ook van toepassing zijn op andere soorten dan de hier bestudeerde. 
Toenadering-vermijding conflicten zijn een onderdeel van het dagelijks leven zowel bij dieren 
als bij mensen. In het bijzonder neigingen die niet met elkaar in overeenstemming zijn ten opzicht 
van één en hetzelfde doel kunnen leiden tot langdurige aarzelingen en twijfels in de geest en in het 
gedrag. Deze conflicten kosten tijd en kunnen daardoor gericht gedrag met betrekking tot 
bepaalde taken en het normale verloop in een gedragsketen vanaf de inleidende handelingen tot 
het uiteindelijk gedrag in de weg staan. Het nemen van beslissingen is noodzakelijk om dit soort 
conflicten tussen tegenstrijdige neigingen binnen het individu op te lossen zodat wordt 
voorkomen dat conflicten het gedrag in het dagelijks leven teveel gaan beheersen en het individu 
in een eeuwige twijfelaar verandert. 
Het nemen van beslissingen bij 'besliste' individuen is voorspelbaar en gaat in de meeste 
gevallen snel in zijn werk. Voordat de beslissing wordt genomem, zijn er slechts korte periodes 
van besluiteloosheid in het gedrag van het 'besliste' individu te ontdekken (een paar kleine 
oscillaties). Het besluitvormingsproces in 'besluiteloze' individuen gaat vaak met omwegen en 
kan lang duren (veel oscillaties en langzaam conflictoplossen). 
De snelheid van conflictoplossen in een standaard conflicttest blijkt een belangrijk kenmerk 
van een individu te zijn en is gebaseerd op factoren die met afstamming en opgroeien te maken 
hebben. De genetische basis wordt geïllustreerd doordat individuen van verschillende 
afstamming vaak in snelle en langzame conflictoplossers ingedeeld kunnen worden. Een 
belangrijke opgroeifactor wordt bepaald door de sociale opgroeisituatie: sociale isolatie van het 
individu tijdens het opgroeien leidt tot veel oscillaties in het gedrag en een langzaam proces van 
conflictoplossing in vergelijking met individuen die sociaal opgegroeid zijn. Sociale isolatie 
resulteert in 'besluiteloze' individuen. 
De genetische en opgroeifactoren vormen de basis van het gedrag. Het uiteindelijke gedrag in 
een conflictsituatie wordt bepaald door de meer direkt werkende factoren. De aanwezigheid van 
een thuisbasis versnelt het proces van conflictoplossen. De informatie dat er in het doel ook 
werkelijk te halen is wat er verwacht wordt is nog een factor die het proces versnelt Signalen die 
aangeven dat er ook werkelijk iets te halen is, zijn een belangrijk element bij het conflictoplossen. 
Dus wanneer het individu de signalen die het in een eerder stadium van het besluitvormings-
proces heeft geleerd, ook daadwerkelijk gebruikt, dan weerhoudt dat het individu van oscilleren 
en wordt de snelheid van conflictoplossen verbeterd. 
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SPEED OF CONFLICT RESOLUTION 
STELLINGEN 
P A U L K O E N E 
1 Onderzoek naar de snelheid van - of het al dan niet in staat zijn tot - het 
oplossen van een probleem geeft vaak meer relevante informatie dan 
onderzoek naar de manier en wijze waarop een proefdier een probleem 
aanpakt en eventueel oplost. 
Dit proefschrift Woerden. GJ M van (1986) Effects of differenttal experience on bram 
and behaviour m the rat Dissertatie, Universiteit van Nijmegen (stelling 3) 
Lehrman, D S (1970) Semantic and conceptual issues in the nature-nurture problem In LJ? 
Aronson, E Tobach, D S Lehrman and J S Rosenblatt (eds ), Development and Evolution of 
Behavior (pp 17-52) San Francisco WM Freeman 
2 De beschikbaarheid van een thuisbasis versnelt het oplossen van een 
toenadering-vermijding conflict. 
Dit proefschrift, hoofdstuk 3 
3 De uitspraak van Gray dat de afloop van een toenadering-vermijding 
conflict moeilijk te voorspellen is, is - althans wat betreft de snelheid 
van conflictoplossen - onjuist. 
Dit proefschrift, hoofdstuk 6 Gray, JA (1987) The psychology of fear and stress (2nd edition 
ρ 140) Cambridge Cambridge University Press 
4 Verschillende auteurs propageren het samenvoegen en middelen van 
open-veld metingen over testdagen (aggregatie). Het feit dat de 
verandering in locomotor aktiviteit van de eerste naar de tweede dag een 
sterke relatie met de snelheid van conflictoplossen vertoont vormt 
echter een sterk argument tégen zulk een aggregatie. 
Du proefschrift, hoofdstuk 6 Tachibana, Τ (1985) Higher reliability and closer relationship 
between open-field test measures on aggregation data Animal Learning and Behavior, 31,345-348 
5 De open-veld delta (AOF) is positief gecorreleerd met de snelheid van 
conflictoplossen; de negatieve correlatie tussen de open-veld delta en de 
grootte van de bijnier duidt erop dat conflictoplossen stressvol is. 
Dit proefschrift, hoofdstuk 6 Ossenkopp, K-P and Mazmaman, D S (1985) Some behavioral 
factors related to the effects of cold-restramt stress in rats a factor analytic - multiple regression 
approach Physiology and Behavior, 34,935-941 
6 Het valt aan te bevelen bij experimenten naar sexueel gedrag bij ratten 
vaste partners te gebruiken, omdat het samenspel van het paar door 
factoren beïnvloed wordt die bij gebruik van wisselende partners niet 
naar voren komen. 
Dit proefschrift, hoofdstuk 4 Beek, J (1981) The influence of changes of partners on the 
integration cfthe male-female set in rats Acta Neurobiologica Expenentia, 41,619-622 
7 Sociale isolatie tijdens het opgroeien heeft op het sexuele gedrag van 
mannelijke en vrouwelijke ratten een zelfde effect. 
Du proefschrift, hoofdstuk 4 
8 Meta-analyse is ook geschikt om de resultaten van verschillende 
experimenten van één auteur met betrekking tot een zelfde onderwerp 
samen te vatten. 
9 22 KHz ultrasone geluiden moeten beschouwd worden als inadequate 
indicatoren voor de effecten van anxiolytica. 
Dit proefschrift, hoofdstuk 7 
10 De resultaten van onderzoek naar effekten van diazepam doen 
vermoeden dat diazepam een anxiolytische dan wel een anxiogène 
werking kan bezitten, afhankelijk van erf- en omgevingsfactoren. 
Dit proefschrift, hoofdstuk 7 Koek, W (1984) Drug-behavior interactions Dissertatie, 
Universiteit van Utrecht (stelling 5) 
11 Miller's conflict model beschrijft gedrag in het begin van een 
toenadering-vermijding conflict. Bij het oplossen van conflicten treden 
oscillaties in gedrag op. Voor het modelleren van de oplossing van een 
toenadering-vermijding conflict lijkt een catastrofe model de 
optredende oscillaties beter te beschrijven dan Miller's model. 
12 Het straffen van de voorste extremiteiten heeft een remmende werking 
op de snelheid van conflict oplossen, het straffen van de achterste 
extremiteiten een versnellende: dus beter op je teentjes getrapt en op je 
hielen gezeten dan op je vingers getikt. 
Fowler, II and Miller, NE (1963) Facilitation and inhibition ofrunway performance by hind- and 
forepaw shock of various intensities Journal of Comparative and Physiological Psychology, 56, 
801-805 
13 Uitkomsten van gedragsonderzoek in het laboratorium dienen op hun 
waarde geschat te worden in het vrije veld, terwijl veldonderzoek dient 
samen te gaan met experimenten onder gecontroleerde laboratorium 
condities. 
14 Wat het open veld is voor de etholoog is het open-veld voor de 
psycholoog. 
15 Vertellen dát je een berg opgefietst bent, maakt veel indruk. Vertellen 
hóe je een berg opgefietst bent is alleen interessant voor iemand die ook 
een berg opgefietst is. 
16 De taalgrens bij onze zuiderburen is een voorbeeld van hysteresis in een 
cusp catastrofe. 
Stellingen behorend bij het proefschrift 
APPROACH-AVOIDANCE CONFLICT AND SPEED OF CONFLICT RESOLUTION 
Paul Koene, 12 december 1988 

\\А*"""""Г'ІЙ"""' "„„„„„lì 
У ? 
